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FOREWORD 

A careful examination of the aggregate technology associated Vnth current 
and future energy production', utilization, and conservation<leads to the fol- 
lowing conclusions: ' „ v 

• Energy-related technical occupations require knowledge - s 
and experience- in using complex equipment incorporating 
two or more fields of technical expertise. 

• The technical aspects (principles and equipment) of energy 

occupations are changing dramatically and will continue 

•» 

to change over the next several decades. 
A technical ly 'broad-based, interdisciplinary curriculum has been devel- 
oped and Jested for use by two-year postsecondary institutions to prepare tech- 
's 

nicians for work in energy-related fields. To support the curriculum, 124 
instructional modules have been developed for 16 of the courses. Vltfese mod- 
ules are also useful for retraining employed technicians and for energy- 
awareness courses at high schools and in community education. 

The purpose of this Guide \s to describe Energy Conservation-and-Use 
Technology, identify job categories for technicians working in the field, and 
to assist planners, administrators,, faculty , and industrial and community ed- 
ucators in establishing and conducting relevant training programs. 

<* * ■ * 

The Guide provides a model curriculum plan and suggests methods for 

adapting the modular toaterials to curricula tailored, to specific localities^ 
or employer needs. Also included is information about educational facilities, 
equipmehty staffing r and instructional materials needed for training techni- 
cians in this field. 

Funds for^this project were provided under contract' from the United 
States Department of Education, Office of Vocational and A*dult Education, 
Division of National Vocational Programs; Curriculum and Instruction Branch.-— 
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I. ENERGY TECHNOLOGY 



, In the recent decade of the/l970s-; alarmi ng' shortages and escalating • 
costs of energy emerged as a prdblem of national concern. Consumers asked 
"How can I keep utility bills /a/own? 1 ' ^Business and industry speculated on. the 
availability and cost of future energy re sources^ljte search establishments 
laid' plans to develop ^ternative/ to petroleum as a fuel. Electric power/ 
plants began converting buijdiifgs and equipment to take advantage* o"f other 
fuels'. 

In ifoVsetting, energy technology has evolved to what it is today - a 
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ry broard, technical discipline encompassing the production, conservation 
ajid^irtilizatifln of energy^ and research and development related to these areas. 
Wfth the evolution of energy technology there has evolved also a need for tech- 
nicians with employable skills and knowledge in the energy- related technolo- 
gies. For the purpose of this Guide, these technicians will be designated 
Energy Conservation-an^l-Ose Technicians, or E£llT|. 

DEFINITION OF ENERGY CONSERVATION-AND-USE TECHNICIAN % 

Prior to considering an Energy Conservation-and-Use Technician curftcu-. 
lum, it is necessary to define the technician. The first step in .this defi- 
nition is to identify fields in Which such a technician might be employed, . 
e.g.: \ ' - 

• tnergy-related research and\ development. 

• Energy production (electric Vower plants, solar collections* .etc.). 
^ • Energy use (factories, buildings, -equipment, etc.). ' . ' ' 

•Energy conservation (audits, construction techniques, retrofits, etc.). 
SimfNarly, functions performed by such a technician^shbuld be identified, 
"e.g;: 1 ■ ■ . 

• Provide .direct support to engineers/scientists. • \ 

" • Operate and/or maintain mechanical, electrical/electronic, electromechah- 
ical or, more 'complex equipment or systems." * " f 

*• Perform building "operating engineer services (operations and Maintenance 
\^ of building HVAC, electrical, and mechanical systems'. . 

• Perform systems operational tests and analyses. 

• Perform energy-use. audits. \ ' - 

• Perform energy conservation Wchnical services: construction, retrofits, 



.er|c 



At . 



load balancing, efc. L. . 

• ' r 

\ • InstalJ and monitor equipment"/ 

Based on the criteria noted alcove f-a very .general definition of an Ener^ 

"gyuConservation-and-Use Technician can be * formula ted: 

A systems-oriented worker who possesses a combination- of 
, skills and abilities, and can appiy' this .interdisciplinary 
capability in jobs to develop, construct, test, operate, 
'/ maintain, §nd/or install Modern equipment used in- homes, \ . 
businesses, institutions, factories, arid other installa- 
tions. Typically, thTs equipment aonsists"i)"f r systems" ' 
utilizing combinations oi^ mechanical , electrical, thermal, 
i*' fluid, and/or optica-] components, and frequently these \ 
- systems are . control led by electronic computers or -micro- . 

processors. /• m 

The energy technician can apply these skills^in a variety of tasks to d 
*velop, construct, test, install, operate, and maintain today 1 s modern equip- 
(nent in the energy and energy-related\technologies. The equipment used on 
today's industry, business, and home has, become more complex. Such equipment 
may consist of systems and subsystems of mechanical , electrical, thermal, hy- 
draulic, and optical components. Moreover^, these systems are controlled fre- 
quently by electronic computers and microprocessors. In addition to the tech- 
nical specialists who are currently practicing in our country's workforce, a 
growing need exists for systems-oriented technicians ^who are capable of under- 
standing the diversity of components that exist iVmodern equipment and the 
in terrelatio ns hip b etween these components. . 



The. equipment associated ^gecifically With energy-related technologies - 
those technologies' "dedicated to the production, utilization, and conservation 
'of energy - is typical of today's modern, complex equipment. *Such equipment 
may contain electric .motors , heaters, lamps, electronic controls, mechanical* 
drives and linkages, thermal systems for cooling* and drying, lubricants, op- 
tical Or*mi<frowave systems and cortimuni cation links, pneumatic and hydraulic 
drives, pneumatic controls and, in some instances, even nuclear radioactive 
^tfffiffles and counters. If energy technicians are to work effectively with mod r 
ern equipment of this type, they must have an understanding of K the underlying 
technical disciplines — mechanical , electrical, thermal, hydraulic, and opti- 
cal and their interrelationships. . 



JOB DESCRIPTIONS , . 

- Beda-use the EC4JT can work for such a wide variety of employers, 'the job 
' definition iij the previous section is very general and not particularly use- 
ful. A degree' of Specificity can be made, however, if job descriptions are 
presented according to each of the four major areas of eh'ergV use and con- 
servation.' , - / \ 
Energy-Related^ Research and Development / \ 

1. Employers: Research and .development organizations within institu-' 
tions, private industry, government, and the, military^. 

2. J Job Description: Under the direction of an/engineer ,\ physicf'stj 

' chenvist, -or metallurgist, the technician will design, Icons truct, 

and operate breadboards or laboratory experiments involving complex 
j « physical phenomena and equipment, perform tests and measurements on 

3ys4em performance, document results in r/eports and/or\laboratory 
i > notebooks, and perform periodic maintenance and repair of equipment. 
L . Test data frequently will'be acquired and reduced viia interfaces 
• with labpratpry microcomputers. The technician wil\ frequently su- 
. .* , pervise other workers. • - • 

I ' 

B. Energy Production - i ' * * 
1. Employers: Power platits, solar energy equipment manufacturers, in- 
stallers and users; process plants that 'yse- high-imperature heat, 

" " "~ steam or hot water."" ' /- y *" ) 

^2.' Job Description: Develops,' Aistalls,' operatesfmaintai'ns, modifies, 
and repairs systems and .devi ceased for the conversion of fuels and 
. • ' other resources into useful ,ene/gy. Systems may be furnaces or 
- _ , plants to produce hoi water, steam, mechanical motion, 'or el&Vrlcal 
\ ppwer,. Typical systems, which include furnaces, .electrical power 
plants, and solar heating systems, may be controlled" manually, by 
^ semi automated control panel*, or computer j'"* The technician will fre,- 
quently supervise other workers. ' 

C. Energy Use ' . ♦ , - 
1» n Employers: Production line equipment maintenance; building and/or. 

plant equipment maintenance; maintenance departments of hospitals, 
apartments, hotels/motel's, office buildings, schools, churches, shop- 
ping centers and restaurants. ' J * . 



J 



Job Description : Installs, 'operates, maintains, repairs, ;and modi- 
fies complex electromechanical, thecmal ^ fluid, and optical systems 
^used irrq)Poduction lines and for climate .cbntrol and hot-water sup- 
ply in hospitals, apartments ,v hotels/motels, , off ice buildings, 
schools, churches, shopping centers, and rekaufants* This type of 
•equipment may be automatically controlled witn microcomputers. The 
technician wil Infrequently supervise other workers. 
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Er>ergy Conservation * 

- \. Employers : Consulting engineers, energy audit firms* residential 

and commercial energy audit departments of public utility companies," 
municipal governments, architects, builders, and HVAC* equipment man- 
ufacturers 1 representatives and sales'- outlets. 

- 2. J6b Description : The ECUT typically would work on a team led by" an 

engineer, performing the following activities: determine" specif ica- 
- tions for. new-building construction, modifications, and retrofits 
^equipment, structures, and installation); use instruments and pro- 
cedures^and perform calculations, to measure energy use andeffi- . 
- ciency of components and systems (which may provide support to the 

building or activities within it); perform audits of energy use and 

.management, including\ecpnomic cost-versus-benefits analyses; . 
through wMtten document or oral presentations, recommend building 
retrofits and/or changes Mn -equipment .to achieve energy savings. 
The technician will frequently supervise other worker^. ; 

" Some of the jobs for Energy Conservation-and-Use- Technicians may tje iden- 
fied with employers under, the following job titles: V 



• Technician , . - 

• System Technician 

• rrtstrum^ntation and'Con- 
.trol Technician 

•'Electromechanical Techni- 
cian 

• Plant Operator * • 

• Control Ropm Operator 

• Operating Engineer 



Building Main t e&a n ce -fee h n i c i a n 

Energy Conservation Technician 

Energy Management Technician" 

Production Equipment Technician 

Building Operating Equipment 
Technician - • - \ 

Energy Audit-Technici-an 

Laboratory Technician 



ERLC 



iu 



NATIONAL WORKFORCE REQUIREMENTS . • - . 

The need for ECUTs is rapidly expanding. Dr. Moore of the Ba#ior Univer 
*stty Hankamer School of Business^ conducted a national assessment of employer 
-^needs for Energy Conservation-and-Use Te'chnicfans. . Nine hundred eighty-six 
employers throughout the natipn were suryeyed is to future needs for techni- 
cians in energy-related fields.. The'se^employers can be grouped into the' fol- 
lowing nine categories: L) researched development organizations, 2} utili- 

■ ties companies, ^}- manufacturing plants, 4) 'processing -plants, 5)hotels/ 
motels/apartments", ^'office and business building managers, 7) schools/hospi- 
tals, 8) architectural and -construction firms, and 9) .consulting engineers. . 

The survey provided data relative to needs within their total workforc~e" 
for employees engaged in "planned energy use. and/or applying energy ^conserva- 
tion method's"" in specified areas such as heating, cooling, and lighting, /he. 
"results of Moore's survey showed average annual need for new "energy techni- 
cians" for the decade to be 7^352, with the total need for the same ten-ye'ar. 
. period being 73,520. " ' r ' ' -* /,* 

:- '• , • • • . •/' .. 

■ ECUT- JOB PERFORMANCE REQUIREMENTS * . . * / 

Because of the breadth of jobs available to'ECUTs\'a single lisfdf tasks 
*and required knowledge" for successful job performance. is almost, limitless, -and 
impossible to^ describe succinctly^ However, to assist in designing the model 
curricula, an inquiry on job task's was made to .selected employers serving on 
the National Advisory Committee. Nine members provided .sufficient information 
^tO'forma collective profile of <t,asks: 

. Sand ia^Corporat ion {Energy R&D)- *. • • 

• Dallas Power and Light (Energy Conservation) 
■ n Holiday Inns of America (Energy U'se) . 

m e Cities Service Corporation (Energy 'Production) 
" ^tos Alamos National Laboratory (Energy R&D). 

"'.Scott and White Memorial Hospital (Energy Use) ' 
Trammel Crgw Office Building Management (Energy Use). 
Vougb't Corporation (Energy Conservation) ' . • '* ( 

"ASHRAE Education Committee Representative ' . 1 

The useful data obtained from the inquiry pertained to the types* of *equip- 



ment with which ECUTs" would work and the nature (or sco^ie) of work they would' 
perform. 

' - Equipment 

The graph showfi in Figure' 1 represents the equipment or subject ar- 
eas that were considered important by employers of energy technicians. 
A listing of important equipment within each categpry is shown in Appen- 
dix B, The percentages assigned to each category in the graph represent 
I? 

the average of the items of equipment identified by each employer com- 
pared to the total, number . Of equidfnent 'items in that Category, The. near- 
ly uniform distribution through ^e nine categories indicates the breadth 
of /technical competencies required for ECUTs. 
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Figure L ECUTs^work, with equipment in these technical categories 



Tasks 



Employers were asked how frequently ECUTs work wi-th the equipment 
iisted in' Appendix B. They weighted their responses accordingly: never 



0; infrequently (once per month or less) - U occasionally (once per ' 
week) - 2; frequently (daily) .-'3 points. The graph shown in Figure 2 
illustrates the specific tasks or job skills that ace, required for ECUTs 
to perform on various types of equipment. 
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Figure 2. 

What types of tasks do ECUTs perform? 



Communications Skills 

Not included in either of these tw6 graphs are the ,communi^tions 
job ski Vl s emphasized by employers, such as: 

Verbal --The ECUT must be able to communicate not only with other 
technical persons, but also nontechnical persons suoh as busi- 
ness' persons, operators, and maintenance mechanics, and th^ \ 
general public. 

Written - ECUTs must be able 1 to write letters, 'specifications /and ' 
% . t reports, and maintain laboratory notebooks. They must also be^ 

able to make simple equipment and fabrication sketches and scfie- 
matics* ajid be able to re-ad and- Interpret complex schematics, 
• * blueprints, and Instruction manuals. ^ 
The curriculum described in the following section reflects the need to i 
provide a broad, interdisciplinary technical core with not only sufficient 



specialization for immediate job entry skills, but also'a base to learn, af 
ter employment, new principles and skills as the technfilogy changes. 
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II. CURRICULUM 

The ECUT curriculum represents a major innovation in technician curricu- 
lum ctesign for the 1980s; It reflects tfie'need for technicians to ha,ve"an 
interdisciplinary technical v^se (electrical, mechanical, thermal, and fluidal 
principles) and the recent desire and willingness by employers to provide ad- 
dttional specialization or retraining for their employees as the need arises. 

ANALYZING THE CONTENT 

- . « V 

A technically broad-based curriculum such as the JECUT contains four typss 
of courses, which q;an be^grouped accordingly: 
Support courses 
v Principles courses > ' • 

Devices courses 

Systems ^burses v 

* *« * 

These groupings are shown graphically in Figure 3. * 




Figure 3. 



■ Jo understand the interrelationship of these four types of courses in 
such* a "systems-oriented" curriculum, one should examine the technical content 
, and/or courses/required for job performance in each of the four categories of 
ECUTs described i^Chapter I. Diagrams showing these relationships .for four 
example job requirem^its are presented in Figures 4 through 7. 

As an example, study the sequence of content in Figure 4. The* major job 
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requirement is energy conservation related to building maintenance (shown in 
the told block)*. One'system included in building maintenance might be the 
hot water and steam supply system (located left of center). To understand, 
•operate, and maintain this 'system requires knowledge and skills of devices 
such ars boilers, pipes, valves, and pumps. An a understanding of these devices 
requires knowledge of principles of heat transfer, mechanics and .fluids, en- 
Jergy production systems, and unified technical concepts (physics). These 
, principles can only be learned if one^eossesses skills in support courses such 
as chemistry and math. Careful study of ea^F~aTcrgr«auiFigures 4-7) shouTd aid 
Jn understanding more clearly why the various courses are included in the ECUT 
curriculum. . 
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Figure 5. v Technical content/courses for Energy Use (Air Conditioning 
System) Technician job requirements. 
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Figure 6. Technical content/courses for Energy Production (Electrical 
Power Plant) \Technici an job requirements. c 
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Figure 7. Technical content/courses for Energy Research and Development 
^ , ^ (Laser Fusion) Technician job requirements. 
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Figure 8, graphically illustrates the tale of each course irrthe ECUT cur- 
Yiculdm, -according I to the four major groupings. 




Fjigure 8. Four major groupings of courses in the ECUT curriculum. 



CURRICULUM STRUCTURE 
* * 

The curriculum "shown on th'e /oYl^ring page \s ar recommended course se- 
quence based on %he quarter system. A comparable/prbgram for the semester 
system may be^found in Appendix C. Course descriptions for this curriculum 
are provided on pages 17-21 v : . ♦ - , ' • 
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' , ENERGY CONSERVAllON^ANO-USE 'TECHNICIAN 
•RECOMMENDED CURRICULUM 
QUARTER SYST&- k 
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First Quarter 

T f / \ 

Chemistry for €nergy Technology I 
♦Fundamentals^ Energy Technology ' 
Technical Math 1^ x 
Microcomputer Operations 
Technical Conrnun^cations 1 

Second Quarter 

Unified Technical Concepts I (Physi^ 
Chemistry for Energy* Techr?ologi*~II 
♦Energy Economics . » 
Technical Math II 
Schematic and Blueprint Reading 

Third Quarter 

Unified Technical Concepts II (Physics) ' 
♦Energy Production Systems 
Mechanical Devices' and Systems 
Fundamentals o'f Electricity and Electronics 
i * 

Fourth Quarter 

. Unified Technical Concepts III (Physics) 

Electromechanical Devices 

Electronic Devices and.Systems 
Elective ' r 

, ^fth Quarter c ■ 

ElectricaT Power and Illumination Systems 
Microcomputer Hardware 
Heating*, Ventilating and, Air Conditioning 
♦Energy Conservation m 

Sixth* Quarter * „ , ' • \ / > 

Fluid Power Systems 1 
♦Energy Audits * % *f 

Instrumentation' and Controls' - • 
♦Codes and Regulations * * 

★Technical specialty courses 

J' H ■ ' - , , T 
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- The Energy Conservation-and-Use Technic'ian'curriculum is a broad-based, 
.technical curriculum organized "around" core courses^ind, technical specialty 
courses. The tore area comprises 82% of. the total curriculum and contains 
both technical 'support courses and courses that develop \he systems-oriented"'' 
interdisciplinary skills. The specialty area- contains coursesJ;hat are' re-- 
lateg specifically to the needs of ar i energy technician^' Technical specialty 
courses ar<? marked with an asterisk. 1 . 
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, • Figure^9 is a graphical representation of the student contact hours for' 
core and- specialty coursesjn t|p ECyjfxurriculum. Only 18% o f t he'curricu- 
'Mum (on a contactrfiou? 'basi^ij devoted^to technical specialty courses-. .The ^ ; 
•' technical core, representing 82% of the curriculum, can provide" the bas.e"for 
numerous other modern technician- programs in fields such as electromechanical, 
laser/electrb-optic.s, computers, ^biomedical equipment, instrumentation/control, 
et( 



) 



\ I^O^TALCONTAq^^OUFtS* 




\ TECHNICAL SPECIALTY 
r ^70 CONTACT HOURS) 



♦BASED ON K> WEEKS INSTRUCTION 
PlER QUARTE&. ' 



TECHNICAL CORE 
(1200 CONTACT HOURS) 



Figured Division of core 'and, specialty contact 'hours in two-year 
'Eoergy .Technician curriculum, * . 



> ... . — ' « 

This type of curriculum implementation o|fers Inany flexibilities tp 
schools in program implementation and in utilization* of instructors anS lab-" 
oratories, which may result iV opportunities for savings, in operating costs, 
v > * • * \ 

Unified Technical Concepts • 

Also rioted in Figure 9 is, the large percentage (18%)' of the curricu- 

* * 4 a . r 

lurU allotted to Unified Technical 'Concepts (Physics). 
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. Technical education has for many years been characterized by a pro- . 
cesVof teaching technical principles by practical applications. To re- 
tain'this extremely effective process while, at the same time, introduc- 
ing a broader ..range of technology} the ECUT curriculum adopted the Uni- 
fied Technical Concepts method of\physics instruction. In this system 
basic' concepts x are selected that have applications in-several fields, of - 
technology. Instead of a vertical structure in which the traditional 
fields of physics (electricity, heat, mechanics, fluids, etc.) are stu- 
died as separate phenomena, the' unified concepts system selects single 
Concepts that cut squarely across these traditional groupings. With this 
system it is possible to utilize practical -.industrial applications to 
teach principle^ such a*s: force, x rate, resistance to flow, time con- . 
'stants, energy converters, force transformers, etc. Interesting appli- 
cations from modern confmercial equipment provide the laboratory experi- 
ences for the unified concepts, instead of W^technical "apparatus" of 
the traditional physics laboratory. , 

Mathematics', long a stumbling bloclcfor many students, is given val- 
uable reinforcement when the same mathematics form'i.s repeated 'many times 
in problems dealing with mechanical, electrical, pneumatic, and thermal 
examples of a singl'e'concept. • 
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C OURSE DE SCRIPTIONS* • ' . " 

Each course in, the* curriculum is described to v indicate 4 both its content 
.'and relevance to the overall^ program. • „ s > 

Firs,t Quarter , . 

Chemistry f or Energy Technology! . A course designed with, a special^ em- 
' phasis'on all 'aspects of/qhemistry as it relates to the Wk of an ener- 
• gy technician. Topics covered include safety* structure of matter, chem- 
' . ical equations and calculations, refrigeration, gases^, air pollution, and 
solutions. , . « 

F undamentals of Energy Technology - A course designed to give the student 
an overview of the. field of energy conservat-ion and use and to provide 

. descriptions -of job functions typical to energy technicians. Topics cov- 
ered include '-sources of energy, uses of energy,* energy analysis, and en- 
ergy and the environment. The course material is organized to show the 

V compa'tability'of the total curriculum and'^the purpose of the approach 

^chosen. ■ 
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' Technical Math I ,- A course 4 designed to provide students with* the math 
background necessary for energy conservation tasks. Topics include for- 
mula interpretation, metric system* logarithms and exponents, angles and 
triangles, vectors and scalars, reading and drawing gcaphs^ dimensional 
analysis, and precision- and accuracy, • ' « * 

Microcomputer Operations , This course covers the operation anct, program- 
ming of -microcompqters. The first part of the course concentrates on 
general concepts such as computer cod£s, binary .arithmetic and the major 
parts of most- computers. The small microcomputer systems are, studied 
and -applied to typical energy-re] ateddata*gathering and control problems. 
In 1 the t third part of the course, a larger, disk 1 based system is used. 
Its operationuand the kinds of software it uses are studied and applied 
to energy conservation, 'Finally, students learn the elements of BASIC, 
programming, 1 , 

Technical Communications , The ability to write and speak welfVs impor- 
tant not only for the transfer of information; writing capabilities, as 
well as speaking expertise, often have an effect on the employees' ad- 
vancement. This course, Technical Communications, shows the, technician 
* how to develop ideas in a clear,, organized fashion* The exe'rcises$in- 
cluded In each module will help the student to put new skills "into prac- 
tice, i . 

Second Quarter - 

Unified Technical Concepts, I , UTC provides the specialization and, at 
the same time, develops a broad, diversified system of orientation for 
technicians. It* teaches physical concepts such as force, resistance, 
and power and. relates them to the .technology throggh practical applica- 
tions in the f^our principal .energy forms (mechanical, fluidal, electri-, 
cal , and thermal). This modularized approach relies heavily upon analog 
& gfes and applied^relationships of basic concepts^by putting t^a^Ttionrfl, ' 
physics and engineering into "work clothes, " - '( \ 

Chemistry for Energy Technology II . This course is a continuation of 
— Chemistry- for Energy Technology I, covering .corrosion, metal^, plastics, 
ceramics, lubricants, adhesives, thermochemistry , fuels, and nuclear chem- 
istry, Thes^e topics are discussed in relationship to thfe work performed 
by energy technicians, . 

Energy Economics , Energy Economic^ is a course designed tg familiarize 
the student with the energy-conserving and cost-saving measures that are 
available, as well as the analysis techniques that are necessary for ac- 
curate evaluation of energy^ projects. 

Technical Math II , Technical Math II is intended to provide the student 
with the math background necessary for* the performance of energy conser- 
vation tasks. Subjects covered range from plane geometry to trigonomet- 
ric functions," *' 



hematic and Blueprint Reading , Schematic and Blueprint Reading should 
be designed to familiarize the student with the standard symbols and tech- 
niques used in schematics of electrical, mechanical, hydraulic and pneu-. 
ynatic systems, and structural blueprints. Devices and systems discussed* 
% in otfter courses in the Energy Conserv3tion-and-Use Technician curriculum 
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SfM& •andttfati^hlSl^ sStf "^k^ ' 
tern it describes. u ° nsni P* ot the schematic or blueprint to the, sys- 

Third Quarter ' x ■ . " * 

of Unified Technical Cop- 
energy conver£«^a energy? 

sources (such as geSESEl a WJK„ t J 1 ? 0 "?. 1 energy re " • 
ural gas into .useful energy *on2w£ a< .SSi*^?* 2 s Coal and nat " 
or light. 0 This course will enable thffnf* electncit y, heat and motion 
'nician to select Ofittaener^^ Tech- 

^3 Kh n >a3yy a fljfly - - ^ ch r icai ^s u 

anisms- that may be TiT'l ? n ? ?BP»«t1ons of variod 

and conserfitftn . ?KSl5?ra? JH S "J 1 ap P licat1on «ner»W 
eight modules o? instruction cov*X^nfV nd s ^ stems/a ^ divid|g^ 

■ tenance, troubleshooting and n 7 eo C / 00 ^! 63 ' USe ^ 
procedure or* application nnrH™ ^Platemenf procedures. The - , 

."^ntenance.and^n & praCtl ' ca1 / 

■ of.prope.replacemsnt coJ^^ 

J3S - £ of^ec- 

•sented include voltage SHw* 8 , M ? n # rul "ents. Topics pre- * 

' capacitors, serle \nd%ara ^ ci^u^tT^nH^'^^'^ 1 ^ ^ductors,' 
. vices. . parauei circuits, and magnetic'circufts and.de- 

' Fourth Quarter ~^ <,s2? . \ " ' „ ' * < ' 

!SS"^ffii!te l ^ fias , y < "'H of m h - d »• 

and radiation-. 7 transformers, transducers, ijme constants, 

Electromechanic al Devices El-prtynmorh^n-;,..,-! n • . \ ' 
vide the student wit Wklw fcSS?S52 3l De Z lc f s 15 pro- 
cal circuits, transformer^ motor ^l^T*™ 1 . lemen ^ in ^ ctn '- 
include switches, n ci?c^it breakp^^ ^?, 9 ? ne r at ° rS " Topi ' cs Presented 
and'a.c.-motors, and g JeratoJs * 1 y ' fuse V transformers , d..c. * 



^Tw£k^^ Si:it de ^" ed ^student 

which. they are employed ElS&c h T" 8 a -" d the c1 ^H 1ts * n 

stressed throughout tte course • tJmS oUbleshootln 9 techniques aret 
transistors, SCRs and trS« irIS2 1 fL presentoa 1nc1ude recti'fiers\ 
Tier circuits. opeSStioS^MDl???^ ' •? aSeou 5 tUbes ' f1Jters » ™*k~ 
and dispjay tevice's «PHf«r$, noi se reduction, .digital fircai\s, 
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Fifth Quarter 
Electrical Power and 



2ment and circuit 
is of the electri 



Illumination Systems . This course is designed to 



provide the student .with a practical knowledge of electrical power, dis- 
tribution systems, and illumination systems \ In addition, the students 
al^fb practice electrical measurement , -wining methods, illumination mea- 

gontrol - and are 'provided with an overview of the 
i'tal distribution system. 



MicrocomputerJlai^a4'ej ^^ begins with an introduction*^ in- 

tegrated circtrHr"T^gTc^and a discussion of common electrical and logical 
digital interfacing techniques. Specific techniques forgetting both ' 
digital and analog data into and out of microcomputers are surveyed: Ap-*"X 
plicatiofis of these techniques to actual control ^problems are illustrated, - 
Finally, data communication ideas and microcomputer troubleshooting tech- 
niques are covered, , ^ 

Heating, Ventilating, and Air Conditioning / This course is Resigned to ; 
develop an understanding of air conditioning and heating systems and 
their characteristics^ applications, and limitations,' The intent of this 
course is to present the basics of such ^tetems and facitors affecting 
the selection and efficient operation of both commercial and residential 
heating^and air conditioning equipment, K 

Energy Conservation , Energy Conservation is designed to give the student . " 
technical knowledge arid specific skills required to perform conservation " . 
measures relative to the most common energyuses. Tile student will learn 
and utilize the basic principlesVof energy conservation and efficiency. 



Sixth Quatter ■ ' • \ | 

Fluid Power Systems . Fluid Power Systems is designed topive the student 
an overview of fluid power technology and a working knowledge pf each of 
the components used in fluicj -power circuits. Hydraulic and pneumatic 
systems wjll.be discussed, with emphasis placed on troubleshooting and 
maintenance procedures involved in eacJi, Topics presented include funda- 
mentals of fluid dynamics, conventional fltHd circuits, anj^fluid power 
components, % 

Energy Audits , Thiscqurse provides an overview of the purpose, objec- 
tives, and mechanics of the energy audit process. Full backg^oOnd and 
procedural instructions precede case studies and laboratory practice in 
auditing,, Finally, audit analyses are undertaken, with students .recom- - 
mending remedial actions based on analyses of their practice* audits. 

Instrumentation and' Controls , Instrumentation and Cant?6l5 is dqstgried 
to provide the student witTi practical knowledge and skills in the Speci- 
fication, use, and calibration'of Measuring devices and t'tie ^principles' 
and applications of automatic control/processes. The course^ stresses, 
the integration of knowledge gained in previous courses through the de- 
tailed examination of control systems for electrical power production, 
heating, air conditioning, and manufacturing, ' 

Codes and Regulations , This course should ^be designed to provide the , p 
technician with 5 basic understanding of the labyrinth of co^es and regiK 
lations imposed upon eaich area of responsibility,* The subject matter 
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.•■not only should familiarize, the student with many national codes, 1 , but 
also shquld instruct the student in how state and local codes can be 
found and used. - 

Detailed course outlines, including perquisites, are found in Appendix 

INSTRUCTIONAL MATERIAL'S 

The' basis of a sound instructional program is well prepared materials. 
If jrojerlxxevlewed by .educators, and employers, tested and revised, such ma- 
terials, will best serve the instructional program, the students and, ulti-' 
mately, the employers. The best materials afso meet stringent content re- 
quirements for flexibility, relevance, currency, validity* and accuracy. 

Material Content and For mat 1 

■ — t < fi ' 

As noted earlier, energy technology encompasses a variety of tech- 
nical job opportunities with equally great variations in knowledge-and- 
skills requirements. A curriculum that offers a two-year program must f 
be flexible enough to be adapted to specific employer needs^h a 'local ■ 
basics." Modular materials allow pinpoint selection of appropriate instruc 
tional units; for example, the energy auditor, whose major involvement 
is with instruments with only an incidental involvement in production, 
should be allowed to select those instructional units applicable to that 
limited i'rivolvement. The flexibility of brief, single-subject, self- ' 
contained modules allows a curriculum - whether a seminar, short course, 
course option, or full course - to be custom designed to meet specific 
needs. , <^ • 

The curriculum material is passed through a variety of criti'cal re- 
viewsUo ensure its relevancy. Determination of local instructional 
.needs - by a local or regional needs assessment and task inventory 
makes possible the selection of material relevant to local, current 
needs. ' . 

.Historically, technical instructional materials have evolved slow- 
ly. Too often, materials became available at about the same fime that 
,they became obsolete. To eliminate this problem, the materials described 
in this Guide are being offered within months following their initial 
preparation by authors and reviewers involved in the. production process. 
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Further, through. continuing efforts of the National Advisory Committee 
for Energy Technician Training, technological advances as well as nation-, 
al employment opportunities are reviewed, and relevant data is passed on 
to institutions and organizations using the material. 

The materials are updated as necessary to ensure currency. The most 
effective manner of ensuring currency, however, is for users of the^a- 
terials to utilize their local industrial advisory committees (IAC) to 
keep the local programs up to the' minute on technological changes, varia-* 
tions, and workforce f*equirement fluctuations. 

From the educator's standpoint, educational materials must assumes — 
valid educational format. In this case, the materials are presented in ^ 
a strictly cognitive form; that is, behavioral objectives are stated in 
measurable terms (perform, calibrate^ draw, list, measure), and each mod- 
ule and its procedures emphasize manipulative skills, founded on valid, 
relevant theory and practice. V ^ 

Thus, each module, as wel] as ^the entire curricuyium for energy tech 7 
nicians, consists of valid, current, relevant,, and flexible materials. 

Module Elements 

Instructional modules developed specifically for'this energy 

technician curriculum contain these basic elements:*' ^ 

Introduction: Identifies topic ,(and often includes rationale for 
studying the material). 

Module Prerequisites : Identifies knowledge and skills students 
should possess before studying the module. 

Objectives : Clearly "identifies what the student is expected to Joiow 
and do uppn completion of module. Objectives are stated in terms of 
( y £(ction-oriented behaviors, including such terms as "operate," "mea- 
sure," "calculate," "idenHfy, 1 ' and "define," instead of word!' with 
many interpretations, such as "know," "understand," "leafri," and 
"appreciate." 

Subject Matter : Presents background, theory, and techniques sup- 
porting the objectives. (Subject Matter is written with the tech- 
nical student in mind.) > - 

Exercises : Provides practical problems to which student can apply 
new knowledge from module study. 

Laboratory Materials : Identifies equipment required to complete % 
laboratory .procedures/ % 

Laboratory Procedures : Presents experiments or "hands-on" activi- 
ties, including step-by-step instructions. (Experiments are' designed 
to reinforce student learning. ) ' * 
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• Data Tables : Included in most first-year or basic-course modules, 
the datcL-tables help students le^rn hoto to collect and organize 
data. . • > ' ^ 

Reference Materials :" /resents suggestions for supplementary read- 
ing . 

Test: Measures each students achievement against objectives stated 
at the beginning ,of the module. 

Modules average approximately 35 typewritten pages, Including iTlus- 
. . trations. (Illustrations normally are line drawings that are easily Hjn- 
, derstood and can be reproduced on copy machine? for overhe ad projection.) 

Nev* modules can ^e a0ed easily, or existing ones modified, for self-' 

paced instruction or short courses, 

COOPERATIVE EDUCATION 4 ^ ' ' * ' ** 

This technology is adaptable to a cooperative arrangement - a plan tf?at 
offers important advantages to students, to the school, and to employers of 
technicians, cooperative education program provides an opportunity for a 
student to learn through coordinated study and employment expedience. Stu- 
dents alternate periods of attendance at the institution where they study 
'their technical program with periods of supervised employment in't^iness or 
Industry, which provides both training and work experience. The employment 
•constitutes an essential element in their education. The students 1 employ- 
ment ..should be closely related to the field of study. in which they^are en- 
gaged-. 

* % When students test their knowledge of tbeory in a work situation, study 
becomes more meaningful. Co-op students learn not only tfte essentials of the * 
technology but also th^ importance of reliability, cooperation, and judgment 
as- an employed worker in a chosen occupational field. 

Co-op students' career choices are stimulated and strengthened by work 
experiences. A satisfactory work experience provided in a co-op program as- 
sists in stimulating the students 1 interest and effectiveness in the institu- 
tional phase tof the program, making it more meaningful. The experience in a 
co-op program yiso assists students in knowing if they have made the proper 
occupational choice prior to completing their educational program and entering 
employment. 

A class of students in cooperative technical programs usually spends the 
first semester or the*first two quarters in school; then time* is divided so 
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that* half of the students have a semester or quarter of ^employment experience 
while the other half continue to study. During the" next semester or quarter, 
the Half who have worked return to their formal studies at school while the 
other half are employed, They usually alternate again so that each student 
has two semesters or at least two quarters of work experience in the program. 

•The students' technical program is lengthened beyond the curriculum outlined 
.in this Guide by an amount of time equal to £he total length of the employ- 
ment experience. % 

Specific employment is obtained, as circumstances permit, by the educa- 
tional institution with the cooperation of the student. The institution re- 
gards the work-experience program as an integral part of the technician pro- 
gram a-s a whole. It is not regarded primarily as an opportunity for earning, 
although each student while working is paid at the prevailing wage scale for 
the job performed. Work reports by both the student and the employer are- sub- 
mi IftecM^the school work program coordinator. ^ 

The .cooperative work -experience program .i's an opportunity for the stu- 
dents to gain directly related expedience, which makes them more valuable as 
employees. As a result of the work experience in particular establishments , 
many students are offered permanent positions upon completion of schooling. 
Cooperating establishments agree, however, not to make offers 1 of employment 
that become effective before a trainee completes the program. 

^ Cooperative programs provide opportunities for the educational institu- 
tion to maintain .close contact with employers in* their various programs. This 
contact becomes a two-way channel of communication, which helps the education- 
al institution keep its knowledge of specific employer needs in each technical 

.field up to date. At the same tii*e/iij keeps employers acquainted with and 
involved in the institution's programs. 

CONTINUING EDUCATION . * 

Many of the ECUT 1 curriculum courses are suitable for use in continuinq 
education to retrain existing employees in this technology. The modular ma- 
terials have many advantageous characteristics that make them suitable for the 
distribution of energy information. *?" ' , \ » ; 

Energy topics that are applicable to continuing education are listed be- 
low. Modules* from the following specific course titles are included. \ 



Energy Awareness^ - One or more courses that are introductory or funda- 
mental in nature that would familiarize the student with energy and its 
parameters. 

Fundamentals of Energy Technology 
^Energy Production Systems 

Energy Conservation - One or more courses ranging from general informa- 
tion on insulation, and passive. ?5lar ^heating to more technical topics 
such as illuminating systems for homes and offices, and heating, venti- 
lating and air conditioning, systems. /Local interest would determine the 
content and degree of specificity. 

Fundamentals of Energy Technology 
Ener r gy Production Systems 
Energy Economics 
Energy Conservation 
Energy Audits 

Energy Economics - One or more courses that would provide the student 
with the tools to make sound financial decisions involving energy such 
as cost-versus-benefit analysis and life-cycle costing. Energy audits 
should also be taught with complexity determined by the audience- 
Technical Specialties - These courses would have as their main objective 
the training and/or retraining of the existing workforce on energy man- 
agement and could .include such topics as afltern^te energy sources, con- 
servation in energy systems: (mechanical, electrical, and fluidal), and 
planning for the energy future. Nearly all of the technical course ma- 
terials in the curriculum (including UTC physi\s) have been found useful 
for these types of course offerings. 
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. * . ' f V 

' . » HI. PROGRAM PLANNING AND DEVELOPMENT 

>. . \ 

s \ * 

y Planning, should begin with establishment of an advisoryXcommittee and a, 

determination of needs, followed by ah evaluation of local potential for meet- 
ing such needs. . Consideratior^^hpuld include:. 

' . • Facult^j-*^ 
N Student "Selection and Services. ' . 

i Facilities. \ 
Equipment. \ 
Library. <• \ 

The extent and implications of each of these considerations are explored in 

the following sections">>, . \ ', 

" . \ ' ' 

ADVISORY COMMITTEE ' - - * 

*/ • 'The success of this program depends, to a great extent, on the formal 
and informal support of an advisory committee. This committee should be ap- 
pointed by the chief administrative officer of the "institution and should be 
1 "comprised of local (or regional) employers of Energy Conservation-and-Use 

Technicians representing each of the^olir major areas - energy-related re- 
search and development, energy prjjtfyctio'n , energy use, a*id energy conserva- 
tion. These Members serve without compensation. The committee normally con- 
sists of about ten members, who should serve from two to three years with 
staggered terms. 

The selection of industrial members of an advisory commitjee should be 
based upon the recommendation of one of the company's executives. This pro- 
vides one assurance that the company recognizes and is committed to support 
the program. Industrial members should preferably be the company' s«fi rat- 
line technical supervisors. The supporting companies should be kept informed 
> x , of" the committee's progress, and they shoulcHbe publicly thanked for their ef- 
forts on behalf of the institution. 

The local advisory committee should assist in studies to determine and 
define the following: the need for the technical assistant program; the knowl- 
edge and skills technicians will require; employment opportunit/es; available 
student enrollment; curriculum content; faculty qualifications; laboratory 
facilities and equipment; resources both within and outside of the institu- 
tion; and cost and financing of the program. If the. survey indicates that a 
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program should be initiated and will be supported, the committee's help in 
planning arid implementing it is invaluable. 

Upon implementation, the committee provides continuing liaison between 
the institution and employers , Frequently, the committee helps administrators 
obtain local funds and state and federal support for the program. The com- 
mittee also aids in placement of graduates of the program and in evaluating 
the performance of the graduates on the job. Such evaluations often indicate 
minor modifications that more closely align the program with employment re- 
quirements and opportunities.. J 

The advisory committee should understand that the program is not' intended 

T * m - - - r --- " - - ^ 

to make individual students proficient in all duties that they might be asked 
to perform. Proficiency in work comes only with pcactice and experience. It 
is impossible to accurately predict the rate of change within various work 
situations. , Employers should expect to provide reasonable on-the-job orienta- 
tion to acquaint the new employee with operational procedures of the facility. 

Th£ committee should meet as regularly as needed and should' keep formal 
* # 

minutes of its proceedings (which could become, in compilation, an annual re- 
port of the proceedings). For further elaboration on the role and responsi- 
ve V 

bilities of the advisory committee in technical education programs, refgr to 
Riendeau's Advisory Committees for Occupational Education: A Guide to Organi- 
zation and Operation ,*' 

This Guide, designed primarily for planning and development of full-time, 
programs in post high 'school institutions, can be used by the administrator 
of the institution and an advisory committee as a starting pdint for develop^, 
ment of their own program. It can and should be modified where necessary and 
adapted to meet local needs and institutional criteria. . 

NEEDS DETERMINATION 

By usiqg accumulated data and a local industrial advisory' committee, a 
program planner may develop a preliminary local or regional needs detemil na- 
tion. The needs survey should take a form other than an informal question or 
two , to associates of committee members. It is suggested that a needs assess- 



*Riendeau, Albert J. Advisory Committee for Occupational Education: A Guide 
to Organization and Operation . # New York: McGraw-Hill, 1977. 
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merit instrument (similar to the one shown in Appendix t) include questions 
documenting: number of existing employees; number of Existing vacancies; num- 
ber of expected vacancies; and type of ^ork to be, performed. A follow-up" sur- 
vey to determine specific knowledge and 'skills needed by^ an entry-level jm- 
ployee should be. sent to those companies hiring Energy Cfenservation-and-Use 
Technicians. This survey does not heed to be elaborate ind can consist of a 
checklist of performance objectives, derived from the national task inventory. 

When the survey instruments are returned to the schobl , they should be 
compiled for use in a localized task inventory for the occupation. A review 
of the tas"k inventor y by the advisor y co^itteejs essential at-this point." 
Resurveying at periodic intervals and* changing course content accordingly^ r 
keeps the training' program up-to-date and ensures that trainees have a better 
chance for employment. In today's world of special izel skill!s and employment, 
the old concept of curriculum by gues's or by past procedure is a disservice 
to the student and to" the training institution. 

FACULTY ^ELECTION ' •< 

The effectiveness! of the program and the curriculum depends largely upon 
the competence and enthusiasm of the teaching staff. With a qualified and 
interested faculty, a 'needed educational program may flourish. Qualified fac- 
ulty members may exist at the institution or within the industry, or organiza- 
tion planning the program, or it may be necessary to recruit a faculty from • 
outside sources. In any event, faculty consideration includes vthese recom- 
mence d» items: 

• Numerical Requirements - The number of faculty members needed is based 
upon, the duties assigned each member, 'number of students in the program 
(first- and/or second-year) and number of courses scheduled for instruc- 
tion. The typical teaching load is 18 to 24 class/lab hours per week, 

with the department head assigned not more than 12 hours to/allow time 

* ^ / 

for administrative duties. % J 

• Competency - The department head should have a- strong academic grounding 
in two of the four energy areas and have a thorough understanding of the 
interdisciplinary nature of energy education. Experience. in industry 
(e.g., two years or more in an energy-related field)«is also important; 

• Availability - Qualified personnel must be available within a suitable 
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•time frame. (Assistance in identifying faculty requirements and in lo- 
cating qualified personnel may be obtained from the local industrial ad- 
vi sory comrii ttee . ) * f ■ 

• Affordability - The salary structure is a prime consideration. Instruc- 
tors -with experience in industry command salaries" competitive with in- 

■ dustry.; 

• » , 14 °* ■ r * 

TechnicaT programs are designed to produce supportive employees who in-? 

crease the effectiveness of the 'total workforce**. This principle should be 

applied to increase the effectiveness of the teaching staff. - 

. Adequate time should be set aside to allow new staff personnel to review 



the curriculum materials,, to visit - if possible - a sutcelssful program and 
its faculty, ,and to engage in a brief teacher gaining or familiarization pro- 
gram. <Thfe /latter* program should be designed to ensure that the^teacher has 
an adequate overview of the curriculum m9%erials and ac general appreciation 
of the modular concept. Also, if possible,, the teacher should be afforded an 
opportunity for dialog wi£h developers of the'material * thereby resolving any 
variances between intended meaning and interpretation. 

Staff assistants may be used in stock control to set out the proper 
equipment for laboratory classes, to keep equipment operating properly, to 
assist in the development of tecLcrfing materials, to supervise laboratories, 
and to do a limited amount of routine paper grading and project checking. 

By adjusting the size of the supportive staff to the v demands of enroll- 
ment, >a school may partially solve the problem of staffing instructors, when 
it is necessary to teach a number of different courses in one term/ Suppor- 
tive staff members may be recruited from the student body or from graduates ^. 
of -the program. *■* 

New approaches^ the organization df faculty should be considered. Team 
teaching is ope' such approach. In this sense, team teaching is the organiza- 
tion of a technical staff into a coordinated teaching unit. Teaching assign- 
ments are made on the basis of the* individual member's special training and 
talents. Team planning allows for concurrent courses to be closely coordi- 
nated by team members to best utilize the student's time while the student is 
moved smoothly to progressively higher* levels. The interdisciplinary nature 
of the" ECUT curriculum especially lends itself to team teachinq. 

A weekly departmental staff mfeetiog to enc<?urage and Sustain team teaching 
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> efforts is recommended. At these meetings, team members can assess anc^ eval- 
uate (progress and plan.on-the basis of this evaluation and^on .current develop- 
ments. This is especially important when-a hew coursfe or a new technique is/ 
involved. * * 

Inaddition to coordinating copfcurrent courses,' staff meetings provide 
for free Exchange of .ideas on teaching- tgolpiques discovered to be useful 'and 
op, recently developed laboratory projects that seem to be particularly suc- 
cessful.. " • \ \ ... 

. To help keep* a staff effective, , an institution- should encourage all staff 
members to update their knowledge of current industrial practice. Their_.knowl, 
-edge of teachnig techniques 'and innovations in education must continue to "grow 
•and expand.'. Membership in professional and ^educational associations should 
be encouraged 7 , together with -active participation' in professional" association 
work at lo^al^ state, regional, and national levels. Through such or'ganiza- *' 
,tions, faculty can keep'up with jiew literature in the field'and maintain * 
closer .liaison with employers'. * / 

t Close contact with employers will also ensure success of the.program J 
through the, following, areas:- \ 

Employment of graduates. * 

Opportunities for cooperative programs. • 

Assistano«rin organizing and presenting short courses and 

conferences. f 
'Donations of equipment and scholarships. 
A viable industrial advisory committee. 

LIBRARY " K 

In each module, a list of reference" materials is included. For the con- 
venience of each institutional or industrial program developed, a .suggested 
list of references and periodicals is presented in Appendix F. 

Dynamic developments, causing rapid. changes in technological science and . 
practice, make it imperative" that a student 'learn to Use a library. Instruc- 
tion for technology students should include\assignments that require .them^to 
use the library so that they may form the habit of using the library as a tool 
in learning. -This knowledge helps students to develop professional attitudes - 
and further teaches them to depend upon libraries to keep f abreast of new de- 
velopments.* * : * ♦ 

Reference materials and related jnedia materials for teaching the tech- 

' *. 
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nology should be reviewed continuously and revisedor replaced, keeping in 
mind 1) the rSpid develdtynent of new knowledge, techniques, and procedures in 
the field, 2) the results of research in methodology of teaching in the field 
of energy technology, and 3) ^he. dynamics of change within the 'structure and 
philosophy of the energy industry. It is mandatary that instructors constant- 
ly seek and review new references and related media materia]xas they become 
available and' adopt those that are an improvement over those^ suggested in thjs 
Guide or those currently in use. 

Instructors of all courses should inform their students that library use 
is an important part of the program. Planned assignments that require the 
use of a library to research^additional facts and ^ew- techniques on pertinent 
subjects enable "students to understand the resources available and their re- 
lation, to technology, Op v enrbook examinations that require use of a library 
provide excellent objective experiences. Under the incentive of such exami- 
nation and the pressure of time, students obtain clear understandings of their 
j)wn competent!' es in library use, 

•The growth and success "of a graduate technician depend largely on an 
ability to keep up with changes in the field, 

t Library content may be classified as basic encyclopedic and reference 
index, material , reference books pertinent to all areas of energy technology, 
relevant periodical? and journals* and audiovisual aids, h ■ . 

Therfore, a. cfentraJ/ library, ffftaer the .direction of a* 'professional ?i- 
brarian; is important to the success of a- technology program.. Most ins true-" 
tors have private libraries in their offices' from which they may select books 
of special interest to discuss in their persona!" conferences with students, 
thereby stimulating interest in~related literature; howeyer\ a central library 
ensures acquisition and cataloging according to accepted 0 Tibrary practices 
an^ provides systematic card files, which facilitate the location of reference, 
materials. It also provides a controlled and orderly system for lending botfks 
to students, typical of a system they jnight encounter as*employed technicians. 
Provisions for lending materials for* out-of-liy? x rary use should be systematic 
and efficient. Suitable stucly space should be provided to students for use 
of references, ^ • 

A limited library incorporating books referenced in the curriculum mate- 
rial, supplemented by appropriate specifications and .relevant trade journals, 
should be maintained. in the instructional area, \ , 



EQUIPMENT '. . ' t - 

Proper training of .technicians for industry entails hands-on experience 
with industrial-type equipment, insofar as is practical. A list or generic " 
supplies and Equipment necessary for^ a viable program. is found in Appendix S. 
This list incorporates specific items called 'out in each module in" the labora- 
tory procedures. * 1 . '■ ^ 

Not included in the list are .such items as audiovisual aids ami models.- 
Such materials are available commercially 'from industry public relations of- 
fices. Also, used equipment and material s can 'provide excellent teaching aids. 
In industry-sponsored training pYogramV, such equipment may be obtained from • 
stock; institutions may need to look td, industry - especially their "industrial 
adYisury committees — for contributions ..of used equipment. 



'STUDENT SELECTION AND SERVICES 



The preparation of functionally competent- Energy Conservation-and-Use 
Technicians makes three major demands upon the training program: 1) the train- 
ing should equip* graduates to' take an entry W> in which they will be .produc- 
tive; 2) it should enable graduates to advance^ to, positions of increasing re- 
sponsibility after a reasonable amount of experience; and 3) it should .provide 
a-c-omprehensive foundation to support further s.tWly. \ 

Students entering the program should have certain capabilities, including' 
comprehension and knowledge of underlying subject a\eas and related skills and. 
adequate study habits and language competencies. 

, The program described in this Guide is*designed fV the typical average 
student Jhigh school graduate or equivalent with one year ofmath and one ba- 
s'ic science course); 'tiowever, ability levels of those who\enter the program 
generally" vary greatly. Many students, whose intell igence\anti interest make 
thejn ca'pable of mastering "the curriculum required in the program, nave,under- 
devel oped scholastic- skills. If applicants for admission>tb the" program do 
not havethe necessary scholastic background anci. ski-llsj' they^shduld be given 
an opportunity to enter an organized program for the developmentW prerequi- 
site skills beforerentering the technical program. This would ensure them-a 
good proba bjlitv^ df successful ^"completing the technical program. Vfhe. insti- 
tution should provide developmental programs to give students this opportunity. 

Personal t interviews with prospective students for th£ purpose, of \ffective 
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guidance and counseling are essential. Students should be given interest and 
aptitude tests by the guidance and counseling' departments of the institution ' 
to assist them in selecting educational and occupational objectives consistent 
with their interests and abilities. This wilt assist them in determining 
their career objectives and selecting the programs appropriate to their inter- 
ests.* ' 

Students should be .given a thorough /orientation program upon entry to 
the institution. This program "should' include an x>rientation to the facili- 
ties available on the campus, including^hV^tui/nt lounges, dining areas, 
bookstores ..""and recreational facilities. In particular, they should be given 
a comprehensive four of the library to familiartze them with its .various f a- ' 
>c\jjities and procedures and rules 'governing its use. 

Students "Should be provided information regarding student membership in 
"technical and. professional organizations, local, state-wide, and national, 
and encouraged to join such organizations. Membership in professional ^organ- 
izations* provides* students with an opportunity to receive excellent material, 
on a regular basis at ^substantial reduction in cost, to associate with Other 
people in the fie-ld at meetings, and to develop a habit of regularly reading 
journal articles to keep, their technical knowledge in' the field current., 
, - Graduates of the program should be .aided in every way -in finding suitable 
.employment. 'Placement of graduates is an important and multifaceted res-ponsi r 
^biNlity involving the placement department, the department head and instructors, 
and\ either directly or indirectly, the advisory committee. However, the pri- 
mary placement responsibility in new and changing technologies should rest 
upjy? the department faculty. They should send out. announcements of upcoming " 
graduates to the respondents of the needs survey and- to committee members. 
Outstanding and successfully placed graduates and their employers are the most 
effective advertisers of the program. ' fc 

i TheMnstitutionJ'hould conduct periodic foTlowjup studies of graduates to 
.improve curriculum* and teaching techniques, evaluate training effectivensss , 
maintain ^go^d employer-employee relationships,- and provide -a, continuing eval- 
uation of the total program. . ^ 

LABORATORY- FACILITIES 

j * ' 

'.Laboratory experiences are Central in any "technical study dealing with 



industrial materials and° processes. All technical courses in the ECUT cur- 
riculum require laboratories except f(n^wo:_ Energy Economics and Eaergy Pro- 
duction Systems. • \ ^\ j * - 

Schools with ongoing programs in EleQtpOnics, Instrumentation, Microcom- 
puter Operations, and HVAC should ntprmally have adequate laboratory facili- 
ties and- equipment for ECUT'courses. Some ^courses such as Energy Audits and 
Codes and* Regulations will require field trips to Actual equipment installa- 
tions. Chemistry courses in the ECUT curriculum can. be' accommodated in a con- 
ventional chemistry laboratory. \^ 

Special attention should'.fce gjven to the laboratory facilities and equip- 
ment for the Unified Technical Concepts X (UTC) courses. Tfa^ UTC courses djffer 
"'significantly "Troih^raditioriaT "courses in, physics. If they are .to accomplish 
theirpurpose, whjch is to provide a broad, technical base for the energy cur- 
riculum,N^he laboratories must be planned accordingly. " • 

NinetyNfive application modules in the five categories listed' below have 
been chosen fV the ECUT curriculum. Laboratory equipment must be provided 
for tH@$e ,inodule^ as follows: * 

Electricity/Electronics 29 modules 
Mechanics 0 Dynamics * 18 [nodules 
Fluids 1 21 modules 

• . Heat \ 15 modules ; 

Light ' • - 12' modules * / £ 

The unified concepts in the order of presentation are: Force, Work, Rate*, 
Resistance, Power, Vibrations and Waves, Potential .and Kinetic Energy, Energy 
Coo^ertors, Force Transformers, Transducers., Time Constants, and Radiation 
andxpptics. * K , 

It is essential for the success of the unified technical concepts system " 
instruction that the courses (and consequently the laboratories) be orga- 
nize)! atound the concepts and. not^awund the traditional categories of physics 
(Heat\ Electricity, Mechanics, etc.). This makes it mandatory that equipment 
for allNfi^e of the applications areas (Electricity, Mechanics, Fluids, etc.) 

* be schedule^ and prepared., f on - T each course;- ^Furthermore, many of the applica- 
tions modules^do not use "apparatus" that can be jjurchased. as units, stored, 

'and taken "off the shelf" when needed. Instead,, this instructional equipment 
must.be constructed, preferably by tephnical specialists, and made semiperma- 
nent laboratory fixtures. w 
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Oevelqping a viable UTC laboratory facility will ultimately require the 
cooperation of teaching specialists from several .areas. The hypothetical ar- 
rangement shown in Figure 10 illustrates what might be an ideal configuration 
of facilities for the development of a UTC laboratory. The plan shown is con- 
ceptual only and does not represent the relative space requirements for the 
indicated activities. It does represent what might be termed an optimum ar- 
rangement for providing close working relationships between an instructional 
staff responsible for the core program of technical concepts and the techni- 
cal specialists who teach in discrete technologies. Equally significant in 
this plan, ^specialized laboratories are adjacent to the'technical concept 
laboratories to facilitate the use of equipment and tools in developing in- 
structional units. 

> Two highly significant advantages accrue from the arrangement shown in 
Figure 10. First and foremost, provision 'is made for teachers of the tech- 
nologies and teachers of the unified concepts to share office space, class- 
rooms, and laboratories. This kind of interrelationship is absolutely essen- 
tial. Second, the immediate accessibility of laboratories (technology to con- 
cepts) makes it possible to develop teaching applications that are of maximum 
utility. Demonstration units and laboratory projects can be readily moved 
from the spectaTty labs tb the concept labs. 

In order to \md«r5~tand the true significance of these two features, it 
is only necessary to study the effect that isolation of technical specialties 
has had in the past, the semiautonomous nature of specialized technologies 
has, more often than not, resulted in a distressing lack of respect for sup- 
port courses in physics, on the part of both technology teachers and students 
in the technologies. Physics instruction, often ji*st as "departmentalized" 
as the technologies, became sterile, highly generalized, and altogether unin-~ 
teresting. Technical students seldom found any relationship between physics 
"courses" and technical courses. 
t The unified technical concepts system has potential' to provide a highly 

, flexible technical core for a number of technologies in addition to the ECUT 
curriculum. Modular course design adds immeasurably to this potential. A 
substantial investment in laboratory facilities for this system would appear ' 
to be 'justified by the evidence at hand that most,- if not all , industrial tech- 
nologies are becoming broader in scope, more and more sophisticated, and more 

'systems-oriented. 
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Figure 10. UTC facility concept. 



IV. PROGRAM IMPLEMENTATION AND EVALUATION 

s % The level of effort involved in jmplementing a new program of instruction 
may vary Yrom one setting to another, but the essential elements of implemen- 
tation are \tie same- 

IMPLEMENTATION * 

S Implementation includes: 

Identification of needs. 

Determination of curri-culum requirements. 

Preparation and presentation of program proposal, obtaining approval 

Selection and preparation of staff. 

Acquisition of facilities and equipment. * • ' 

Enlistment of students. 

Local /Regional Needs Assessment/Analysis 

Determination of needs consists of three 'Steps: 

Identification of employers : 
(both present and potential). 

Identification of jobs : 

9 Task inventory. 

Trrtry^eWTTequirements. * 
Employment projections. 

Analysis of Needs : 
Benefits versus expenditures. 

A listing of employers should be available to interested schools; ( 

Local identification of such employers can be achieved readily with the 

counsel of a well chosen industrial advisory committee, many of whom will 

be employers (or representatives of employing organizations) of ,energy 

technicians. 

With the assistance of the committee and local employers, the sev- 
eral aspects of job identification ce\n be successfully completed in a 
relatively brief period of time. Usually/this step can be carried out • 
by mail, utilizing properly prepared survey instruments. 

Any new program should be self-justifying*. The benefits should 

justify the cost; Factors entering into this analysis include: 

\ Quantity of job opportunities. 

Quality of job opportunities. 
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..Projected job opportunities* ■ * . 

Capability of instruction to offer program: 
Budget, * . 

Facil ities. 
Faculty. 1 
Administrative fervor. 

(Without an administrative commitment, no program is 
apt to evolve, eveh, though all other elements are 
present.) t * v •, 

* The industrial advisory committee's expertise should be utilized 

in this analysis of needs. Each member should be given an opportunity 

to review and evaluate 'the* cumulative results of the*needs survey and 

the school representative's assessment of the* institutions capabilities^ 

f{ie advisory committee members may be able to suggest or propose ways of 

overcoming certain weaknesses or shortcomings: 

Curriculum^RegTiirementsr Determination — 

Because curricula must be responsive (in technical education) to 
the real needs of technological industry, any determination of curriculum 
requirements must come after a realistic assessment and analysis ^f in- 
dustrial workforce needs. The modular curriculum suggested in this Guide 
for training Energy Conservation-and-Use Technicians can be adopted wholly 
or in part to meet the real needs of industry. °T|he materials to be used 
should be selected with care and, preferably, with the. consultation of 
committee members to. ensure compatability with industrial needs. 

Personnel familiar with the material's content and sequencing, and 
experienced in the matching of the curriculum to needs, Should be uti- 
lized in developing the program** Members of the industrial advisory com- 
mittee, with knowledge of workforce training needs, should assist in the- 
review and select.i on. process. 

Once program implementation reaches this, development point, a formal 
proposal - c in most institutions - must be prepared and presented to ap- 
propriate administrators, boards, and agencies. 

Program Proposal Preparation - J 

Three criteria should be satisfied in presenting a successful pro- 
posal for a new technical education program. 

Need (for, program).. This criterion should have been established by 
the needs assessment and analysis. All data., both supportive and 
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' detractive, should be included, aloRg with letters or directly- 
quoted comments and opinions of industrial advisory, committee mem T 
^ bers. 

Capability (of institution to provide program). This criterion in- 
clude§: 1) fair and comprehensive eyaluation of a schools' interest 
in the program (top executives and/or administrative support and 
faculty enthusiasm), 2) its budgetary potential (requires a good 
estimate of program's cost and enrollment potential), and 3) its 
available facilities. ' \ 

Cost effectiveness . There are two approaches to this determination: 
1) immediate effectiveness*- whenever possible, a program should^ 
be self-sustaining. * Thus,- it is important to establish program cost 
versus direct econoiivf^r^urn. All the inputs to making this de- \ 
termination, including a realistic projection of enrollment in the \ 
program, should be incorporated into this proposal;' 2) long-term efA 
fectiveness - total effect of the program on school, resources should^ 
be weighed against benefits to society. In man^- instances, these 
determinants must be stated in intangible terms. Even so, they 
should be presented, fairly and as accurately as possible. 

Proposal Format ^ mm 

The format of the proposal varies extensively from ,school to school; 

however, as a general rule, any proposal should be as straightforward, 

concise, and simply stated as its preparer can make it. The following 

elements are meant only to imply a possible outline: 

Preface . What the document is, who prepared it, for whom it was 
prepared. No more than one page. 

The Need . Reflecting all items discussed earlier. 

The Curriculum . 

The Plan . Organizational approach; facilities utilization; human 
and financial resources. 

The Cost . 

; ^ j 

The Benefits . 

The Recommendations . Based on reasonably drawn conclusions. 

Letters/Documents of Support . 

Evaluation of Existing. Compatible Programs . 



ERIC . 45 



\ 



J V 



Once a program has received formal approval, instructional preparation * 



) 



becomes an immediate consideration. ' 
EVALUATION 

** " • 

Human endeavor is subject to continual evaluation, generally informal, 

but evaluation -nonetheless. It is this ongoing mo nTtor- review activity that 

guides any individual or corporate activity to ^ultimate* success - success that 

can be assessed only in retrospect. An educational program - human endeavor 

of a corporate nature -^should also. be evaluated progressively (as well as 

on the basis of its end product] to ensure its constancy toward the develop- 

' ment of a successful end product: 

Curriculum Acceptance 

■ While a major evaluation facjtor is adequate enrollment, other cri- 
teria prUTide^significant, if not major, evaluation tools: 

Drawing power and holdimg power of program . 
Does program attract and hold qualified students in.a manner 
comparable with similar technical programs? 

S tudent enthusiasm and morale . . 
— Tc thoro arf nhservable exprit de corps within the classes or 
groups of students enrolled in the program? 
• Enrollment figures (compared with similar technical programs or with en- 
rollment goals or limitations) answer^e^tm- quest ion. The second — 
may require a more comprehensive evaluation. For example, student re- 
sponse to a program may be evaluated subjectively, by adjudging such fac- 
tors as: " 

Inter est/disinterest in classroom activities, laboratory procedures, 
and homework or outside study (based 6n attentiveness and actions). 

Enthusi aim/indifference as related to the total program (based on 

attendance) . * i 

Test scores on materials "that judge students' progress in assimilat-, 
. r ing skills and knowledge essential for technical employment. 

• M6re commonly, however, evaluation tools are employed to reflect' 
the students' responses more -directly. This objective evaluation proce- 
dure (from the faculty's, standpoint), which employs one or more ques- 
tionnaires, seeks responses in the .following areas: ^ 
Teacher ef f ecti veness ,( i ncl udi ng lab instructors). 
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Materials applicability (including understandability and program 
content relevance).^ - t 

Facilities and £qui'pment 'adequacy . 

Student self-evaluation (including attitude, progress, and con- 
tinued interest). 

Graduate Performance 

The ultimate evaluation of a" technical education program stems from 
.the success of its graduates: 

Do their— skil Is and knowledge meet entry-level requirements? 
Are they successful in the job market? 

Does their on-the-job performance^ satisfy employer expectations!; ... 

Are they promotable? 
These questions may be asked of both the graduates and their employers. 
(Placement records may be more indicative of a hungry job market than a 
successful training program; therefore, evaluation should go beyond this 
initial transition from student to employee.) 

Graduated students, along with their employers, should also be asked 
to reflect upon or review the training program periodically. This means 
of relating program content to occupational needs should prove especially 
valuable in ^incorporating new or updated technological developments into 
the program. 
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APPENDIX A 
PROJECT ADVISORY COMMITTEE 



Mr. Ronald Beckman, Energy Pro- < 
gramming Coordinator & Super- 
* visor of Technical Education 
« 'North Central Technical Institute 
^ausau, Wisconsin 

Mr. Sam Borden ' - 

Dean of Instruction 

Indiana Vocational Technical College 

Terre Haute, Indiana 

Mr. 0, Charles Carter, Jr. 
Manager of Consumer Services 
Dallas Power & Light Company 
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APPENDIX B 



TYPES OF EQUIPMENT, BY CATEGORY, WITH WHICH ECUTs WORK 



.ndicators 
e Indicators 



I NSTRUMENT AT I ON ' AN D CONTROLS 
* 

R&tameters^ ' ' ' 
Differential Pressurg~13evices' 
_Pifot Tubes 
Turbine Meters 
Anemometers 
JOpen Channel .Wires 
Magnetic Flownteters 
Liquid-in-Glass\ Thermometers 
Ligujd-Filled Dtal Thermometers 
Bimetallic Thermometers 
Crayon Temperature Indicators 
Liquid Temperature\lndicators 
Pellet Temperature 
Resistance Tempera 
Microcomputers 
Thermocouples 
Optical Pyrometers 
Total- Radiation Pyrometers 
Manometers 

Limp Diaphragm Gages 
Bourdon and Bellows Gages 
Sight (ftg^s 
Bubble, Tubes* 
Float/Buoyancy Meters 
Capacitance Level Gages 
Direct Current Meters 
STte nficiting Cur rent Mete r s 
Multimeters 
Gas Analyzers 
* Serv os 
Solenoids + 

ELECTROMECHANICAL DEVICES 

Motor Speed Controllers 
Motor Starters . * ■ 
Autotransformers 
Servos 

Motors, A.C., D,C, 
Generators, A.C*, D.C ; 
Relays 
Buzzers 
Vibrators 
Horns 
Brushes 
Contacts 

Starting Capacitors 




ELECTROMECHANICAL DEVICES, continued. 

Meter Movemenjts/fteters 

Servomechanisms 

Switches 

Fuses 

MECHANI8AL OEVIQES AND SYSTEMS 



Bel ts 
Sheaves 
Chains 
Sprockets 
Gears* <T 

Transmissions 1 
Speed Reducers 
Shafts 

<}oupVings-arrd Joints^ — 
Bearings 

Seal s i 
Gaskets ^ 
O-Rings 
Clutches 
Linkages 

Cams and Cam Followers 
Fans and Blowers 
VaTves 
Packing 



THERMAL ENERGY PRODUCTION AND CONVERSION 
DEVICES/SYSTEMS 

Boilers <a 
Superheaters - 
Turbines '* 
Solaf Hot Watdr, 
Solar Hot Air < 

sHegt Pumps ~- _ _ 

aste Heat Recovery Systems 
H^AC Systems 
L tg hti ng/ 1 II umi na t i on 
Heat Exchangers * 




HAND AND POl^R TOOLS' 

Conventional 
Hammers 
PI iers 

Screwdrivers 

Common Wrenches 

Torque Wrenches 
Hand Power Tools: 

Drills ' 

Sanders 
• Grinders* 

Saws 

Bench & Floor Power Tools: 
Dn\ll Presses Q 

- Bench Grinders/Polishers 
Mills — N . < 
Lathes 

Surfacers/Planers 
Vises 
Saws v. 
~Meta\ Work i-rq-Joo-1 s : 
/ Hand Breaks 
/ Hand Shears 
* Notchers 
Precision Measuring Devices: 

Levels 
> Squares 
Rules- 
Micrometers 

Radius Gages " v 

- Other Dial Type Gages . 
Drawing Tools: * v 

T-Squares 

Triangles 

Compasses 

Dividers 

Templates 

Curves 

Marking Instruments 
Lettering Devices 

T 

ELECTRONIC DEVICES AND "SYSTEMS 

» X r 
Resistors •* 

Potentiometers 

Capacitors 

Inductors 

Transformers 

Chokes 

Rectifiers 

Diodes 



ELECTRONIC -DEVICES AND SYSTEMS x continued; 



Transistors 

SCRS \- ^ . 

Tnacs 

Vacuum Tubes 

Gaseous Tubes 

Gates - 

Inverters 

LEDs. 

CRTs 

Oscilloscppes 
Vacuum Tube Multimeters 
"togjc Analyzer 

Tra n sTstor^Oioi tal Multim eters 
Oscillators 
Frequency Counters 
Vol t-Ohmmeter 
Amp Probe 
Bridges 

Photovoltaic Cells 
Photoconductive CelVs 
Batteries 



\ 



FLUID POWER SYSTEMS 

Pressure Measuring Devices 
Pumps 

Compressors 

Motors (Fluid) ~ . 

Cylinders 

Limited Action Rotary Devices 
Hoses 

Pipes and Tubing 
Connectors 
Fittings 
Valves 

Valve Actuators, 
Accumulators 
Reservoirs 
Auxil iary. Tanks 
Separators • t 
Filters 
Strainers 
Lubricators 
Regulator 
Oil Heaters 
Dryers 



RESEARCH AMD DEVELOPMENT 
LABORATORY EQUIPMENT" . 



Hot Cells • 
~FbeT CeTTsT 
Glove "Boxes 
Master-Slave- 



_ --Manipulators '0^f 
Intruder Sensor Systems v * * 
Detection Systems * - 
Vertical Axis flirbines 
Vacuum Recovery Systems 
Purification. Systems . 
Spectroscopy Systems * 
"Photovoltaic Generators 
Pressure Systems " 
^Computers \ ■ • 

'Minicomputers 
Microprocessors 
, Graphic Display Devices 
Assay Instrumentation 
Pulsed Neutron' Generators 
Solar Tracing pnd Collection 
- Systems^ 
Seismic Sensors 

Seismometers^ j ' t 

iQn Implantation Devices 
Wa'ste Vitrification Furnaces 
a 'Macftoa , Effects Simulation Furnaces 
Thermoelectric Generators 
Cryogenic Systems 
Superconducting Magnets 
Silicon Solar Cells ■ 
Electro-Optic Fjbers and Couplers 
ExpTostvey^Ex^ — * 



ELECTRICAL* POWER AND ILLUMINATION DEVICES 
Wij^ngZ-Cables 

Switching Gears' ~ * l ' 

, Fuse Boxes/Fuses 
Circuit Breaker Boxes/Circuit Breakers *j 
Conduit 

Lamp Fixtures ■ 

Ballasts/Starters^ v 
s Lajnps/Incandescent . 

tamps/Fluorescent 

Lamps/Gas Discharge 
' Solid State Dimmers 

Timers .a ^ 

Connectors 

Convenienc^Outlets 

Transformers 
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7 ' ENERGY CONSERVATION-AND-USE TECHNICIAN* 
• RECOMMENCED CURRICULUM 
SEMESTER SYSTEM 



First Semester 

Unified Technical Concepts I 

(Physics) 
Chemistry for Energy Technology I 
Technical Math I 
Fundamentals of Energy 

Technology 
Microcomputer Operations^ 



Second Semester 



P 



Uniff^d Technical Concepts II 

(Physics) 
Chemistry for Energy Technology 
Technical Math II 
Energy Production Systems 
Fundamentals of Electricity and 

Electromechanical * Devices 

i 



Third Semester 

Mechanical and Fluid Systems 
Electrical Power and Illumina- 
tion Systems \ 
Electronic Devices and Systems 
Schematic and Blueprint Reading 
Energy Conservation 



Fourth Semester ; 

Codes and Regulations 
Heating, Ventilating and 

• Air-Conditioning * 
Technical* Communications 
Instrumentation and Controls 
Energy Economics and Audits 



II 



\ 



Contact 



Lec. 


Lab. 


Hours 


3 


6 


9 


2 


2 


5 


2 


o ■ 


2 


2 


0 


' 2 


3 


3 


.6 


12 

r 


11 


23 


• 






3 


6 


9 


2 


2 


5 


2 


0 


2 


2 


0 


2 


3 


• 4 


7 


12 


12 


25 








3 


4 


7 


2 


2 


4 


3 , 


. 3 


6 


1 . 


. 1 


3 


2 


2 


4* 


11 


13 

« 


24 


2 


2 


■ 4 


3 


3 


6 ' 


3 


0' 


' 3 


3 


3 


6 


3 


3 


6 


14 


11 


25 
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RELATIONSHIP BETWEEN SEMESTER COURSES AND QUARTER COURSES 
V ' ENERGY CONSERVAT'ION-ANO-USE TECHNOLOGY CURRICULUM 



jOTAt CONTACT HOURS 



1440 





Quart or 


System 








Semester 


System 






' Course 


Contact 
Mrs/Wk' 


* • 


Total Contact llrs 


Course 






Total Contact Mrs 




Wks of 
' f nst r 


per 
Course 


per 
Cluster 


Contact 
llrs/Wk 


Wks of 
Instr 


per 
Cout sc 


per 
Cluster 


Will/. Tech. Con. 1 
Unlf. Tech. Con. tl 
Unlf. Tech. Con. IN 


3 
9 
9 


10 

id 
to 


90 
90 
90 


270 


Unlf. Tech. Con. 1 
Unlf. Tech. Con. 1 1 


* 

9 
9 


15 


135 

135 % 4 


270 


Chcm. for Energy 

Tor hrifil t\n\j 1 

Chem. for Energy 

• cciiiiu luyy ii 


6 
6 


_ 10 • 
, 10 


60 

• 60 


120 


Chem, for Energy^- 
Technology I 

Chem. for Energy 
Technology 11 


4 


)5 
15 


. 60 
60 


' 120 


Fund, of Engy. Tech. 


3 


10 


in 

JU 


39 


Fund, of Engy. Tech. 


2 


15 


30 


30 


lech. Hath | 
Tech. Math ll 


3 

_J 


10 

JLG_ 


30 

30 


60 


T*»rk Mark 1 ' 

iecn. nam I 
Tech. Math II 


2 


15 
\S 


30 
30 


60 


Hlcrocomp. Opr. 
. HI crocomn. Hdwe. ^ 
InsArum. & Ctrl. 


6- 

** * 
6 

6 


10 
10 
to 


60 ^ 

60 

60 


180 


Hlcrocomp. Opr. 

(J Hlcrocomp. Hdwe.) 
Ins i rum. \ Ctrl . 

(1 Hlcrocomp,. Hdwe.) 


6 
6 


15 
\S 


90 
90 


- 180 


Energy Economics 
Energy Audits 


3 
5 


' ' 10 
in 


30 
b0 


90 


Engy. Econ. & Audi ts 


6 


M5 


90 


90 


Fund, of Electricity 

£ Electronics 
E lectromech. Dev. 


6 

6 ■ 


10 
10 


60 
• 60 


120 


* Fiintl. of Electrfclty 
& Electromech. Pev. 


* 7 


15 


105 


v 105 


En»jy. Prod. Systems 


3 


. 10 


30 


30, 


Engy. Prod. Systems 


2 


15 


30 


30 


Hech. Dev. £ Syst. 
Fluid Systems 


6 


10 
in 


60 
60 


' 120 • 


Hech. £ Fluid SySt. 


7 


15 


105 


105 


Electronic Dev. & 
Systems 


8 


10 


80 


80 


Electronic Dev. & 
Systems 


6 


15 


90 


90 


El. IVr. fi Ilium. , 
Systems 


6 


10 


60 


60 


£1. Pwr. £ Ilium. 
Systems 


h 


15 


* 60 


60 


Schem. S/B.P. Rdo. 


h 


10 


ho 




Schem. £ 8>P. Rdq. 


3 


»5 


US 


us 


Engy. Consv. 


6 


10 - 


60 


60 


Engy. Consv. 


h 


15 


60 


60 


MVAC 


8 


10 


80 


80 


HVAC 


6 


»5 


90 


90 


Tech, Comm. 


'i 


10 


40 


tiO _ 


Tech. Comm. 


3 


■5 






Cbdes £ Regs. 


6 


10 


60 


60 

— . 


Codes & Regs. 


h , 


15 


p—r 

60 


ft 

60 ' 



TOTAL CONTACT HOURS 



1440 



( 



\ 



* . CdURSE OUTLINES 

; 

4 

r 

1 . Page 

Chemistry for. Energy Technology l.y. , . . 62 

Fundamentals of Energy Technology 65 

Technical Math I . 69 

Microcomputer Operations 71 

Technical Communications / v \ . , . 74 

v Unified Technical Concepts I, 11,^111 77 

\ Chemistry for Energy Technology II 82 

En er gy Econ om ies' . . r^— , .. . . , . 85 

Technical Math II . . . . % 88* 

Schematic and Blueprint Reading * , 90 

Energy Production Systems ; 91 

Mechanical Devices and- Systems 96 

Fundamentals of Electricity and Electronics . , ... 100 

Electromechanical Devices 103 

Electronifc Devices and Systems ; 106 

.Electrical Power and Illumination . 109* 

Microcomputer Hardware . . 114 

.Heating, Ventilating .and Air-Conditioning 117 

Energy Conservation . . 122 

Fluid Power Systems. . s 127 

Energy Audits : .... : 131 

, Instrume*^tion and Controls • . 136 

Codes' and Regulations . . . . - % 140 

S \ 

j 
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CHEMISTRY FOR ENERGY TECHNOLOGY I- 



COURSE DESCRIPTION V 

Chemistry for Energy Technology I 7 i$ a course designed with a special* 
emphasis on all aspects of chemistry as it relates to the work of an energy 
technician, • It is an energy-specific chemistry course designed for the 
student interested in pursuing a career in the energy field. The basic 
chemistry information and techniques presented in the 5 modules of this 
course have been deemed necessary for the applications that will be encoun- 
tered by the energy technician, 

PREREQUISITES 4 
None* * 



RECOMMENDED"T^XT 

' CORD-deA^hJped instructional moSules as follows 



I. CH-01 Safety in Chemical Operations / 

II./ CH-02- Structure of Matter 

III, CH-03 Chemical Equations and Calculations 

IV. CH-04 Refrigeration, Gases, and Air Pollution 

V, CH-05 Solutions 



Student 
Contact Hours/Week 
Class Laboratory 



3 
6 
7 
7- 
7 



COURSE OUTLINE I 

J. Safety In Chemical Operations - 

A, Laboratory Safety Rules 

B, Personal Protective Equipment 

C, Fire Safety and Explosions 

1. - Fire Prevention 

2, Fire Fighting 

D. Chemical' Toxicity 

j 1, Physialogical Effects of Chemicals 

2, Dangers of Acids $ 

3, Vapor** Poisoning 
. 4, * rterck Index 

E. Electrical Hazards 

F. Special Hazards 
G* Radiation Hazards 

H, Laboratory First Aid > 

1, Chemical Burns 

2/ Wounds and Fractures 

1 3, Shock 

4, Poisons (Swallowed) 

5, Poisons (Inhaled) 

6, Heat S&$gke/Heat Exhaustion 
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Structure of Matter v 

A. States of Matter ' v 
L Chemical and Physical Changes 

2. Classification* of Matter 

B. Atomic Structure 

1. The Atom 

2. Composition of the Atom" § 

3. Symbols N * 
4/ Naming of Compounds 

• 5* Formula Writing 

C. Chemical Bonding 

1. Ionic Bonding 

2. Covalent Bonding r 

3. Hydrogen Bonding V 

4. Metallic Bonding ) 

Chemical Equations and Calculations — 
A, Chemical Calculations 
, L Scientific Notation 

2. Significant Figures 

3. Metric System * 

4. Problem Solving 
tif Chemical Equations 

1. Atomic Weight 

2. Isotopes 

3. Molecular Weights 

4 . The Mole 

5« Writing and Balancing Equations 

6. Types of Chemical Reactions. - . 

7. Calculations Based Upon Chemical Equations 
C, Gravimetric Analysis 

Refrigeration, Gases, and Air Pollution 



B« Characteristics of Gas . 
L Pressure 

2. Pressure- Volume Relationship 

3 . Vol ume-TemRe ratu re Re 1 a^ci on s h i p 
4« Standard Temperature a^id Pressure 

5. Pressure-Temperature Relationship 

6. The*€ombined Formula/ — 

7. 1 Ideal -.Gas, Law J 

8. Dalton's Law of Partial Pressure 

9. Graham 1 9l Law of Ga^ous Diffusion 
10. Kinetic Theory of Gases 

,11. Deviations from the Gas Laws , . 
C. -Ai-r Pollution 

L Sources of Air Pollution 
2. Particulates 
.3. ^Smog 

4. -Sulfur Oxides 

5. Nitrogen Oxides 




Refrigeration 
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# 6, Hydrocarbons 

7. Ozone * 

8, Sampling of Pollutants 
Solutions 

A, The Liquid State 

*1. Evaporation and Condensation 
*2t Vapor Pressure . h 

3. Distillation r * . 

4, Viscosity 7 \ 
&. Dispersions 

!• Suspensions 

2. Colloids i ' 
3* Solutions 

C. Solution Types* and Characteristics * 
^ I. Importance of Solutions 

,2. Solution Process 

3. Unsaturated «and Saturated Solutions 

4. Solubility ' 

5. Effect of Temperature on Solubility 

6. Effect of Pressure on Solubility 

7. Rate of Solution 

8. Supersaturated Solutions 

t *9. Concentration of Solutions 

10. Molar Concentration 

11. Normal Concentration 

12. Density . x * * 

13. Dilutions • 

D. Acid, Bases, and Salts 

1. Titrimetric Analysis 

2. 'Measurement of pH 

3. Salts 



A 
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FUNDAMENTALS OF ENERGY TECHNOLOGY 

♦ V 

COURSE DESCRIPTION . * 

Fundamentals of Energy Technology 'is designed to^give the student an 
overview of t -the field of energy conservation and use and to provide de- 
scriptions of job functions**" typical *to enerjgy^ecKrTicians. Jhe course 
material is organized to sjiow the compatibility of the total curriculum 
and the purpose of the approach chosen < ' * 

PREREQUISITES ' ' 

None. r - 



RECOMMENDED TEXT 

CORD-developed instructional modules' as follows: 



I. EF-01 Energy Technology 

II. EF-02 Sources of* Energy: I 

III. EF*03 Sources of Energy: II 

IV. x EF-04 Uses of Energy 

V. x EF-05 Energy Analysis 

VL EF-06 Energy and the Environment 

VII. EF-07 Energy- Resource Guide 

COURSE OUTLINE 



Student - 
Contact Hours/Woek 
Class Laboratory 



3 

5 

5' 

5 

5 

5 

2 



/ 



I. Energy Technology * 
* A. What is Energy • 

* B. When Did the Crisis Start? *~ 
£. What is the History of 'Energy? v 
D. What are the Factors Affecting Demand for Energy? 

1. - Per Capita Energy* Consumption 

2. Population 

3. World Distribution of Energy Sources 

4. How Does Energy Relate to the United States Economy? 

5. What Factors Must be Considered When Choosing Energy Sources? 

6. Fossil Fuels * 

Petroleum, coal, tar sands, oil shale, natural gas 

7. Nuclear ' ■> 

8. Geo thermal 

9. - Solar- # 

10. Hydropower */ * - 

11. Tidal Power -/ 

' E. Who Will" Make the Decision^ Abodt Energyts 

Sources of Energy I* / •* 

A. Sources of Energy: I 
6. Wood ' 
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C. Coal 

1. "R}e' Nature and Distribution of Coal / 
x 2. 'Development of Coal 
,D. Petroleum * # < . * 

1. The Nature and Distribution of Petroleum 

2. The Development of Petroleum 

E. Natural Gas / 

1. The Nature and Distribution- of Natural Gas 

2. The Development of Natural 4 Gas 

F. Oil Shale * J' 

G. Tar Sands 

Sources of Energy II 

A. Sources of Energy: II ' • 

B. Nuclear Energy • * 
1 Nuclear Fission 

2. Fission Reactions , - 

3. Breeder Reactors % 
4% Nuclear Fusion 

CrrrStflar* Energy 

1 . Direct Solar 

2. Solar Technology 
3'. Ocean Thermal, 

4. Wind, 

D. Geothermal Energy 

1. Nature and Distribution of Geothermal Sources 

2. Development of Geothermal Energy 

E. Hydropower w t 
1 . Natural Water Courses 

' 2. Tides . - 

F. New»Sources 

1 . Synthetic Fuels 

2. Biomass 

i 

Uses of. Energy 
A/ Uses of Energy 

B. _ Enprgy Consumption and Distribution 

C. Heating and Cooling 
f. < Heating and Cooling Systems 

Single zone system, multizone system, terminal reheat 

/ , ' system, variable gir volume system , cons tant volume 

/ system; induction system, dual duct systemr^n coil 

/ system, self-contained systems 

2, , Applications 4 * . ^ . ~ 

( • Selection of heating/cooling system, selection of 
thermostat setting, consideration of efficiency, 
insulation, other consideration? . 

D. Illumination, \ m 

1. Illumination Systems j 

2. Applications 

Selection of light sources, reduction ^of intensity, 
control of lighting, u$e<of natural lighting 
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"^anspwta&fon . \ 

1. Transportation Systems 

2. Applications 

Increased engine efficiency,, 
mass transit, personal consei 
Industrial Bower 



ncreased 
•vation 



load factors. 



4 V. 



B 



C- 



VL 



1. Industrial Power Systems 

2. Applications 

\ New industrial systems, recycling ,. increased energy 

^ efficiency of electrical generation^ consideration of 
load factors, utilization of control* systems 
G. Communications 

Energy Analysis 
A/ Measurement of Energy 
1, Energy Units 

2?* Power-Units 

Energy Conservation 

1. Energy Systems. 

2. Principles of Conservation 
Energy Audits 

1. Audit, Method^ , 

2. Economic. Analysis 

Energy and the Environment ^ # - 
A« The Envi ronment 

Effects of Energy Use oh the Environn 
1. Effects^ of Energy Use on the Air 

Carbon im>noxide, particulates sulfur oxides, hydrocarbons, 
nitrogen oxides, carbon" dioxide, 
Effects of Energy Use on Water 

Thermal pollution-, direct water pollution, disturbance of 
natural ecosystems 
Effects of Energy HJse on Land 

Mining, pipelines, solar collectors 
Pollution Control ' >T) 

- 1. Reclamation 
s 2. Devices and Equipment 

Emission controls for automobiles, sulfur oxide controls 
for power plants, cooling towers f 
— Wastes — — 



2. 



3. 



^ 1. Wastewater 

2. 'Solid Wastes ' ; 

• * /3. Nuclear Wastes 

VI I • Energy Resource Guide 

A. Energy Conservation-and-Use Techniqafn (ECUT) 

1. Other Job Titles 

2. ^ The ECUT Curriculum 

B. Classroom Projects 

1. ' Field Trips 

2. Gifest Speakers 

3. , Energy Management Game 
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4. Denjjbnstration 
Films 

• i . coil 

2. Petroleum 

3. Natural Gas 

4. Nuclear * 

5. Sttfar 

6. QMthermal 
Offl Shale ^ 

r Sands . | 
iscellaneous Energy Subject 
jfeneral Energy Subjects 
Publications 
1. /Coal . ' 
/Petroleum 
[^atural Gas 



iNuclear 
iSolar 4 

iGebtftern ral > H 

Miscellaneous. Energy Subjects 
General Energy Subjects 
^sary- 
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'TECHNICALlMATH I 



COURSE DESCRIPTION \ . - / 

Technical MathJL is designed to provide students with the math background 
necessary for energy conservation tasks/ Topics include formula interpretation 
metric system, logarithm and exponents, angles. and triangles, vectors and 
"scalars, reading and draping graphs, dimensional analysis and decision and 
accuracy, * . 

PREREQUISITES 

The student should ^iave completed* one year of high school math, " - 

RECOMMENDED TEXT * - 

CORD-developed instructional modules as follows: 



Student 
Contract Hours/Week 
Class Laboratory. 



~ H S-l Formula Interpretation } 

II. S-2 Dimensional Analysis 

III. S-3 International "System of Units 

'IV. S-4 Angles and Triangles 

V, S-5 Vectors and Scalars 

VI. S-6 Reading and Drawing Graphs 

VI I - S-7 Logarithms and Exponents 

VIII. S-8 Precision, A^gracy, and Measurement 

COURSE OUTLINE 



4 
3 
4 
4 
4 
3 
5 
3 



I. 



•II. 



Formula Interpretation ( 
A. Solving formulas and Equations 

Application of Formulas to Physical Problems 

Di mens ionaT" Analysis - 

A. Systems^ of Units 
1 # Fundamental Units - * 
2. Derived Units 

B. Dimensionless Quantities 

C. Checking an Equation Dimensional ly « 
JD... Conversion. 3j&weenjJn±ts J - - 

International System of Units 

A. Origin of the InteYnational System of .Units 

B. . Units in the SI System' . - 
C- Other Units Used with SHJtnts 

D. SI Units In Unified TechnicaT^Qoncepts 

E. ' Definitions of SI Units 

1. s 4 Base Units - . 0 ) 

2. Supplementary Units' 

■* 

IV. Angles and Tjriangles 

A. Angles (The Subject of Trigonometry) 
• L. Units of AnguTar Measure 
2. Measurement of Angles 



III. 



0 
0 
0 
0 
0 
0 
0 
0 
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C. 
D. 



c 



Triangles 

1. ' Similar Triangles 
•2. Right Trrangles 

Trigonometric Rat\)s - Sine, Cosine, and Tangent 
Vectors 



V* Vectors' and Scalars 

A/ ^Vectors ' . 

B. Adding Vectors by the Graphic (Polygon) .Method 

C, Graphical Components > y 

VI. Reading and Drawing Graphs^ 

A. Basic Steps for Graphing Experimental Data 

B. Summary 

oVIL LogaHthms'and Exponents 

A. Addition, Subtraction, Multiplication, and Division 
of Numbers Expressed in Powers of Ten' 
Logarithms ^ * 
Finding the Anti-logarithm' \ 
Interpolation , v 

Evaluating Formulas -Genta4ni ng -Loga^-thros 

Natural Logarithms * * « 
Applications* of Natural Logarithms ' 

VIII. Precision, Accuracy, and Measurement ... 

A. Counting and Measurement M 

B. Accuracy and Precision in Measurement , 

C. Specifying Errors in Measurement 
* D. The Reading" of Scales 



B. 
C. 
D. 

■E: 
F, 
G. 
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MICROCOMPUTER OPERATIONS 



COURSE DESCRIPTION \ ' 

_ . \ 

mis course covers the operation and. programming of microcomputers used 
by energy" conservation technicians. The first part of the course concentrates 
on general concepts such as comp^teY codes, binary arithmetic and the major 
parts of most computers. Then small microcomputer systems are* studied and 
applied to typical energy-related data-gathering and»control problems. In 
the thtrd part of the course, a larger, disk-based system is used. Its opera- 
tion and the kinds of software it uses are first studied and applied to- energy 
conservation problems. Finally, students learn the elements of BASIC pro- 
gramming. 

PREREQUISITES ' . . 

The student must be able to calculate the value of Integer exponentials 
like 2 5 and use a voltmeter to measure voltages. 

RECOMMENDED TEXT - 

t CORD-developed instructional modules as follows: 



Student ' <• 
Contact Hours/Week 
Class Laboratory ' 



' I. 

II. 
III. 

IV. 
V. 

VI. 
VII. 



MO-01 Computer Codes 

MO-02 Microcomputer Architecture 

MO-03 Microcomputer Applications 

MO-04 Disk-Based Operating Systems 

MO-05 Energy Applications of Microcomputers ■ 

MO-06 Introduction to BASIC 

MO-07 BASIC Programming 



4 
4 
4 
4 

-4 
5 
5 



4 
4 
4 
4 
4 
5 
5 



COURSE OUTLINE 
I. Computer Codes 



Electrical Codes 

1. Digital Codes 

2. Analog Codes* : 
Logica Ixodes / 

1- Bytes, Worlds and Superwords , 
2. Numerical Socles 

Binary, octal, radix indication, hexadecimal 
Base Conversion . 
1. Binary/Octal Conversion 

Binary/Hexadecimal Conversion 
Hexadecimal /Octal Conversion 
Binary/Decimal Conversion 
Binary Arithmetic 



2. 

3. 
4. 
5, 
6. 



Large Binary Numbers 
Other Logic Codes 

1. BCD Numbers ^ 

2. /Vlpharftimeric Codes 

3. Operation Codes 



,3* 
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II. Microcomputer Architecture * ' 

A* The Microcomputer as a Control Device 

1. Digital Interfaces * 
^2. Analog Interfaces 

B. Computer. Components . \ 

1; Addresses * 

2. Kim — A Specific Example 

3. The Bus . * 

C; CPU Architecture , . # 

1. The Accumulator 

2. The Program Counter 
3- The Index Register 

4. Examining CPU Registers 

5. Assembly & Machine Code 

6. A Simple Program 

7. Branching & Immediate Data t 
<3. Other Instructions 

J II. Microcomputer Applicatons ♦ 1 

* • A. Control Applications * 

1. System Elements 

2. Control Theory 

« 3. The Solar - Heated House 

B. Data Logging . , - 

1. Logger Components 

* 2. Site Evaluation , 
3* Larger Systems 

IV. Disk-Based Operating^Systems 1 ' # 

A. JOisk Systems 

B. File Manipulation N - 
L Files . ' 

2. Creating and Storing Files 

3. Mistakes 

4. File Control N . - 

5. Copying Files 

6. Rename and Erase ■ . s * 

C. * The Editor 1 •: 

D. Program Assembly 

E. ASM DIAG 

F. Load DIAG _ - ~ 

G. DIAG , " 
H\ BASIC 

V. ' Energy Applications of Microcomputers 

A. Energy Conservation Programs * # 

B. Solar , 
L The Collection System 

2, Heat Loads 

3. Economic Factors - 

C. Load Shedding 

• .. - r 
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VI 




VII, 



duction to BASIC #^ 
BASIC Graphics 

1. Core Graphics v 

Screen control, turtle commams 

2, Additional Graphics Commands 

Pen control, other turtle jnoVes - 1 

B. Computational Commands 
L The LET Instruction 

Arithmetic expressions, parentheses, precedence rules 
2. Printing 

C. Programming Mode ^ • 

1. Line Numbers 

2. -Input 

3. Scientific Notation , 

D. Looping 

1. ' The GOTO Command * 

2. Loops S 

E. Disk Control 

BASIC Programming 

A, Conditional Statements 

B, Parts of the IF Instruction 

C, Indexing 
Dimensions 

E« Functions 

,1, Format of Functions 
2. Other Functions 

F. Subroutines 
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i TECHNICAL COMMUNICATIONS 

COURSE DESCRIPTION • - 

Technical Communications should provide the student with working knowledge 
of and firsthand experience in the use of communication techniques, procedures, 
forms and formats employed in industry and business* Technical presentations 
follow a unique style and depend heavily upon precise graphics. Technicians 
leern accepted methods of describing devices and processes, and of* making 
oral and written technical presentations. Also, proper use of written 
manuals, guides, specifications and Vendor instructions are reviewed, 

PREREQUISITES 
None, 

RECOMMENDED TEXT - 

CORD-developed instructional, modules as follows': 

Student 

- * Contact Hours/Week 

, Class Laboratory 



L TC-01 'Introducing Technical Communications 4 0* 

II, TC-02 Conducting and Reporting Research 5 0 

III, TC-03 Writing Outlines and Abstracts 5 0 

IV, TC-04 Writing Definitions . 5 0 

V, TC-05 Describing Mechanisms 5 - 0 

' VI, TC-06 Describing a Process 4 5 0 

VII, TC-07 Performing Oral and Visual Presentations 5, 0 

VIII, TC-08 Putting Skills Into Practice: Formal 

Report' and Presentation , 6 0 



COURSE OUTLINE 

L Introducing Technical Communications , * 

A, Purpose of Course 

B, Definition of Technical .Writing 

C, Basic Principles of Technical Writing 

D, Style 

1, Audience Adaptation 

2, Scientific Attitude 

3, Mechanics 

* E, Introduction to Oral Communications 

II, Conducting and Reporting Research 

A, Conducting and Reporting Research 

B, Completing Preliminary Steps 

C, Assembling a List of Sources 

1, Searching Subject Heading Index'es 

2, Using the Card Catalog 

3, Consulting Specialized Guides 
4 % Locating Bibliographies 

5, Using Indexes anjl Abstract Services 

6, Utilizing Encyclopedias 

7, Using Dictionaries 




D. 
E. 



8, Utilizing Handbooks 

9. Using Yearbooks\ 
10, Employing Information Centers 

Utilizing the Best Ttjol 
Using Research Results 



1. Taking Notes N 

2. Assembling an Annotated Bibliography 

3, Reporting Orally 

4, Distinguishing Between Formal and ' 
Informal Reports 

F. 1 Summarizing: Conducting and Reporting 
o Research 

III, Writing Outlines and Abstracts * 

A. Planning and Summarizing 

B. Outlines 

1. No Point - No Plan 

2. Outlining Effectively 

3. Steps in Outlining 

4. Rules for Formal Outlines 

C« Abstracts and Introductory Summaries 

1. Types of Abstracts 

2. " Suggestions for Writing Abstracts 
Summary 

IV- Writing Definitions 

A. What Should be Defined 

1. Familiar Words for Unfamiliar Things 

2. Unfamiliar Words for Familiar Things 

3. Unfamiliar Words for Unfamiliar Things 
Bw How Definitions are Constructed 

L Informal 

2, Formal 

Class, Distinguishing Characteristic, 
Summary of Formal Usage, Additional 
Suggestions for Formal Usage 

3. Amplified Definitions 

C. , Where Definitions Should be Placed 

V* Describing Mechanisms 

At Describing Mechanisms - 

B, Components* of the Description of a Mechanism 

1. Some Potential Problems 

2. Specifications 

VI. Describing a Process 

A* Describing a Process x 

B. Problems Encountered in Describing a Process 

C. Types of Processes 

D-. Instructions in a Process 

VII • Performing Oral and Visual Presentations 

A. Oral and Visual Aspects of Technical* i 
Communication ' 

B, Oral Presentations and Activities 
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1. Oral Reports and Presentations 

2. Leading Conferences and Group Discussions 
3. 6 Interviews and Other Per^on-to-Perspn 

Transactions • , \ % 

Lsual Illustrations * • J* 5 . # • 
What Illustrations Can Do 
Types of Illustrations ■ 
Tables, figures 

VlII . Putting, Skills Into Practice: Formal Report and 
Presentation 
A.- Selecting the Topic 

1. Analyzing the Audience 

2. Developing a Plan 
Writirtg A Rough Draft 

1. Making an Outline 

2. Assembling the Rough Draft 
refatory pages, body of the report, 
ppendix 

C. Polishing the Final Copy 

D. Presenting the Report Orally 

E. Final Revisions 



\ 



4 * - 
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UNIFIED TECHNICAL CONCEPTS I, II, III (PHYSICS) 

COURSE DESCRIPTION 

Unified Technical Concepts is designed to teach the basic principles 
of physics as they apply to mechanical, fluid, electrical and thermal systems. 
Practical applications and hands-on laboratory work are stressed throughout 
the course. Concepts presented include: Force, Work, Rate, Resistance, 
Power, Potential and Kinetic Energy, Force Transformers, Energy Converters,' 
Transducers, Vibrations and Waves; Time Constants, and Radiation. 

Quarter System 

The number of UTC application modules recommended for the Energy Con- 
servation-and-Use Technician curriculum fs listed in the table below by con- 
cept module number and quarter. Concepts are listed in the order recommended 
to meet prerequisites for other courses in the ECUT curriculum. 



Quarter 


Concept 
Number 


Essential 
Mpp i icati on 
Modules 


Optional 
Appl tcation 
Modules 


.Total 




1-0 • 


8 


2 


10 


J^Second 

* ! (UTC I) 


2- 0 

3- 0 


4 
6 


0 
0 


* 

4 
6 




5-0 


7 


5 


12 


Quarter Totals 


25 


7 


32 < ; 




6-0 


• 

4 


2 


6 


Third 
(UTC II) 


11-0 
7-0 
9-0 


4 

3 
3. 


5 
3 

i. 10 . 


9 
6 

13 


Quarter' Totals 


14 


,20. 


34 


Fourth 
(UTC III) 


" 8-0 -* 
10-0 
12-0 


c 

* 

, 3 
6 
. 2 


2 

m 

2 


• 

5 ■ 

r 

8 

• • 4 




13-0 


5 


7 

It i 


'12 


Quarter Totals 


16 


13 


•29 


' Total 


55 


40 


95 



t 
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Semester System 

The number of UTC application modules recgjnmended for Energy Conservation 
and-Use Technician curriculum 'is listed in the table below by concept module 
number and semester. Concepts are listed in the order recommended to meet 
prerequisites* for other courses in the BCUT curriculum. • * 







■Essential 


Optional 






Concept 


Appl ication 


Appl ication 




Semester 


Number 


Modules 


Modules 


Total 




.1-0 


8 


/ Cm 


in 




2-0 


A 
? 


/ 

0 


- 4 










Fi rst 


3-0 


6 


n 

• u 


5 


(UTC I) 


5-0 


7 . < ' ' 


5 


12 ^ 




• 6-0 


4 


2 


6 -j, 




11-0 


4 


5 


9 * 


Semester Totals-"'^ 


. 33 


14 ' 


47 




7-0 


3 


3 


6 




9-0 


3 


10 


13 


Second 


8-0 


3 


2 


5 


(UTC II) 


10-0 


6 


2 


8 




12-0 




2 


4 




13-0 




7 


12 

*■ T 


Semester Totals 


, 22 


> . 26 


48 


t 

Total 


55 


• 40 


95 * ; 



Module Selection * 

Unified Technical Concepts is. a flexible physics instructional system 
consisting of 193 modules designed to meet the needs of a numbeV of tech- 
nologies. The CORD staff has determined that the following modules are best 
suited for use in the Energy £onservation-and-Use Technician curriculum. 
Those application modules preceded by an asterisk are considered essential,. 
Other application modules listed are optional. CORD recommends that UTC 
courses for Energy Technicians include the 55 "essential" application modules 
and a selection of additional "optional" modules chosen to meet the needs, • 
schedules and budgets of individual schools. 





PREREQUISITES . - 

* 

Technical Math I or one year of high, school algebra* 

i 

RECOMMENDED TEXT * ' • 

CORD-developed instructional modules as follows: * 

.1-0 Force * 



*1M2 Addition of Mechancial Forces 

*1M3 ..Addition of Torques 

iM6- Tension in WVres and Cables 

*1F1 Atmospheric Pressure 

*lF2 Density, buoyancy and -Specific Gravity 

1F4 Manometers 

*1E3 Electric Forces and Fields 

*1E4 Magnetic Forces and Fields 

*1T1 Thermometers . * 

1*T2 ' Temperature Difference^ and Heat Flow * 



★ 



2-0 Work 



9 



*2M2 Work 'Done by a Wincft* 

*2F1 Work^Done by a Water Pump 

*2T1 Jteat Energy Required for a Temperature Increase 

*2T£ ^fundamentals of Air Conditioning - 



3-0 Rate 



( 



*3M2 Velocity at Constant' Acceleration 

*3M3 Displacement 'at Constant Acceleration 

*3M5 Rotafional Motion 

^3E1 ^Electric Current" % 

*3f& Frequency 

*3T2 Rate of Heat Conduction 



5-0 Resistance \ - 

*5M2 Effect of Lubricants 

5M3 Rolling Friction 

*5F2 , Viscosity 

*5F3 Fljuid Resistance in Pipes 

5LF4 • folves and Regulators 



*5E1 OhTn^s^Law ^ 

*5E2 Series and Parallel Resistors 

5E4 Conductors, Semiconductors and Insulators 

5E5 Resistance. of Wires 1 — ; v 

*5E6 Resistance of Semiconductor Junctions 

5E8 Vol t>0hm-M111 i ammeter 

*5T2 Heat'Flow Through Insulation 



6-0 Power 



*6M2 Prony Brake 
*6Fl Hydraulic Power 



4 V 
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7? 



*6E1 
6E3 
6E4 

*6T1 



Electrical Power Measurement 

Efficiency of Electric Motors and Generators 

Electrical Power Consumption 

Heat Exchangers 



7-0 Potential and Kinetic Energy 



8-0 



9t0 



7M3 ' 


Rotational Kinetic Energy of a 


*7F2 


• Venturi Meters 


7F3 


Pi tot Tubes 


*7E2 


Energy Stored in a Capacitor 


*7E3 


Energy Stored in an Inductor 


7E4 


Series and Parallel Capacitors 


I Force Transformers 


8M1 


Levers 


*8M3 


Drive Systems^- 


8M4 


Gear- Trains 


*8F1 


Hydraulic Press 


*8E1 


Electric Transformers 


1 Energy Converters' " 


9F1 


Turbines \ 


9F2 


Fluid*Pumps\ 


* 9F3* 


Wind Power \ 


9F4 


Fans and Blowers 


9F5 


Vacuum Pumps 


*9E1 


Electric Generators 


9E2 


Al ternators 


*9E3 


Electric Motors 


•9E4 


Solenoids and Relays' 


*9E5 


Photovoltaic Materials 


9T1 


•Boilers * £ 


9T2 


Thermoelectric Generators 


9T3 


Solar Collectors 



10-0 Transducers 



*10M1 
10M2 
*10F1 
10F5 
*10E1 
*10T2 
*10T3 
«10T5 



Strain Gages 
Accel erometers 
Bourdon Tubes 
Vacuum Gages 
Meter Movements 
Bimetallic Strips 
Temperature Measuring Devices 
Thermistors 



J ' 



11-0 Vibrations and Waves ' 
' ♦ 
11M3 Vibration- Isolation 
*11M4 Resonance 
**11F1 Cavity Vibrations and Standing Waves 
11F5 Pressure Measurements of Sound Waves 
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*11E1 Alternating Voltage and Current 

11E2 Phase Relationships in AC Circuits 

1 1E3 * Oscilloscopes 

*11E4 Rectifiers 

11E5 Electronic Filtering in DC Power Supplies 

12-0 Time Constants 

12F1 Rate of Emptying' Tanks 

*12E1 RC Circuits 

12T1 Response Time d of Thermocouples 

*12T2* Time Constant?) of Heating and Cooling 



13-0 Radiation 

- 1 *13L1 Inverse Square Law - Spreading of Light * 

*13L2 The Optical Spectrum 

*13L3 Light Sources 

13L4 Lasers 

13L5 Stroboscopes - Light Pulses 

13L6 Optical Filters - Absorption of Light 

. 13L7 Specular and Diffuse Reflection of Light 

13L8 Image Formation with Mirrors 

13L9 Prisms - Refraction and Dispersion of Lig 

■ 13L10 Lenses - Focusing and Spreading of Light 

*13Ll6 Infrared Radiation Thermometers 

,*13L17 Illumination 
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CHEMISTRY FOR ENERGY TECHNOLOGY II 



"course description 

" Chemistry for Energy Technology II is a course des.igned with a special 
emphas'ts on all aspects of chemistry as it relates to the work ot an energy 
technician. It is an energy-specific chemistry course designed for the 
student ihte^jest^d in pursuing a career in the energy field. The basic 
chemistry information and techniques presented in the 6 modules of*this 
course have ttejen deemed necessary for the applications that will be encoun- 
tered by the energy technician. 

» 

PREREQUISTIES 

^Chemistry for Energy Technology I. 

RECOMMENDED TEXT 

CORD-developed instructional modules as follows: 

Student 
Contact Hours/Week 

s Class Laboratory 

VI. CH-06 Corrosion and Electrochemistry - 5 5 

VII. CHr07 Metals and Ceramics 5 * 5 

VIII. CH-08 Thermodynamics and Thermochemistry 5 5 

JX. CH-09 Fuels 5 5 

X.. CH-10 Plastics, Adhesives and Lubricants 5 5 

XL CH-11 Nuclear Chemistry ^ 5 5 

COURSE OUTLINE , 

VI. Corrosion and Electrochemistry 

A. Corrosion' • 

B. Electrochemistry 

1. Electrode Potentials 

2. Electrolysis 
' * p 3/-Electrolytic Refining (Metals) 

4. Law*of Electrolysis 

5. Electrochemical Machining* 

6. Voltaic Cells 

C. Electrochemical Corrosion 

1. Boiler Corrosion 

2. Boiler Water Treatment 

D. Protection of Metals from Corrosion 

~V I I • Metals and Ceramics 

A. Solids 

1. Bonding 

2. Melting Point ■ 

3. Sublimation 

B. Properties of Metals 

1. Thermal Properties 

2. - Electrical Conductivity. 
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3, Mechanical Properties and Testing v . 

C. Alloys . . * 

1 . CI assi f i cati ons Pv N — m 

2. Types of Steel J , ' 

. Pig iron, cast-iron, wrought iron, powdered' iron, carbon 
steel; alloy steels, high-alloy steel, tool steel 

3. Examples of Other Alloys 

D. Ceramics m * , 

VI II. 9 Thermodynamics and Thermochemistry 
A. Thermodynamics 

1. " Heat 

2. Specific Heat . . 

3. Refrigeration*Units 

4. Changes of State 

5. Solar Energy Storage 

6. Heat Transfer 

7. Heat Pipe , 
x ^B. Thermochemistry 

1. Relationship Between Matter, and Energy 

2. Calorimetry 

IX, Fuels 

A. Characteristics of Fuels * 

1. Solid FuelsT 

2. Gaseous Fuels' 

3. Liquid Fuels * 

B. Organic Chemistry , 

1. Classification of Organic Compounds < 

2. Alkane Series . 

3. Nomenclature ' ^ 

4. Alkene Series . . ;* 

5. Alkyne Series 

6. Cycloalkanes 

7. Aromatic Hydrocarbons 

8. Nomenclature of Aromatic Compounds 

9. Substituted Hydrocarbons 

C. Gasoline Production 

D. Alternate Energy Sources 

1. Methanol 

2. EthanoV 

3. Hydrogen^ 

4. Biomass 

5. Geothermal « * 

6. Solar Energy 

E. Summary 

X. Plastics, Adhesives, and Lubricants 
A. Plastics 

1. Polymer Additives j v ) • : 

2. Processing of Plastics " 4- J, :\J 
. 3. . Properties bf Major Plastics " 

, B, Analysis and Testing of Plastics 
C. Adhesives £- 
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D. Lubrication / 

XL Nuclear Chemistry 

A, Nuclear Chemistry 

1. 'Nuclear Radiation 

2. , Radioactive Decay Series 

3. Half-Life 

4. Detection of Radioactivity 

B. Nuclear Reactions 
1.. Nuclear Fission 

2. Nuclear Fusion 

3. Nuclear Reactors ' 

4. Breeder Reactc 
< C. Radioisotopes 





'energy economics 



COURSE DESCRIPTION 

• * * 

Energy ^Economics develops the techniques necessary to evaluate the 
economic impact and advantages of energy production. Is is a course designed 
to familiarize the student with the energy-conserving and cost-saving mea- 
sures that are available, as well as the analysis techniques that are .neces- 
sary for accurate evaluation of energy projects. The- conceptual format en- 
ables the* student to apply the appropriate tools to a diversity of energy- 
related decisions. The course concludes with financial analysis of alternate 
energy applications. 

PREREQUISITES ■ " * 4 

The student should have a good understanding of basic 'algebraic function 



RECOMMENDED TEXT 



, I. 
- H. 
III. 
IV. 
V. 



CORD-developed instructional modules as follows: 



EE-01 Fundamentals of Energy Cost Analysis, 
EE-02' 1 Financial Parameters of Energy "Economics 
EE-03"Pinajicial Techniques of' Energy* Economics 
EE-04?Economics of Energy Alternatives 
EE-O&Economic Analysis and Energy Conservation 
'Projects 



Student 
Contact Hours/Meek 
Class Laboratory 



6 
6" 
6 
6 



0 
0 
0 
0 



COURSE OUTLINE 



I. Fundamentals of Energy Cost .Analysis 



A. 



B.. 

C. 

D. 



E. 



Business Fi nits' and ^Energy Conservation 

1. Profit, Revenue, and Cost 

2. Measurement of Energy Conservation 

3- Individuals and Non-Profit Organizations 
Types of'Cpsts 
Economic Efficiency 
Determinants of Price 



1/ Supply 

2. Market Supply 

. 3. Demand 

"4. Market -Demand ' * ' *• 

5, Market Price k • 

6^ Additional 'Factors that Influence Price 

Marginal Analysis . * 

1. Marginal £ost and Marginal Cost Savings 

♦Z. . How To % Use Marginal Analysis ^ 
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PinangiaT Parameters of. Energy Economics 
.A- Principal and Interest /, 
Time Value' of Money 



"C\ Future Value of a Fixed Amount 
L Compounding Process 

2. Future Value of $1 V 

3. Future Value of Amounts Greater Than $1 

4. ' How to Read the Future Value of $1 Table 

5. Observations Concerning the Future Value of a Fixed Amount 

6. Cost Escalatioh 

7. Conclusion 

D. Present Value of A Fixed Amount 

L Derivation of a Formula for Present 1/alue \ 

2, How to Read the Present Value. of $1 Table . 

3, Present Value of Amounts Greater Than $1 

4, Observations Concerning the Present Value of a Fixed Amount 

E, Shorter Time Periods 

II. Financial Techniques of Energy Economics 

A, Cost of An Annuity 

1. Accumulation of An' Annuity 

2. Sum of An Annuity of $1 Formula 

3. The Sum (Future VaTuej of An Annuity of $1 Table 
4 4. * Sum .of An Anrruity of More Than $1 Per Year 

B, Present Value of An Annuity 

1. Calculation of the Present Value of An Annuity 

2. Present Value of P(\ Annuity of '$1 

3. The Present ValOe of An Annuity of $1 Table 

4. Present Value of Annuities Larger Than $1 y 

C, . Analysis of Energy Projects, Using Present Value of an Annuity 
* . D. Present Vajue of. An Irregular Flow of Cost ^avfngs 

* L Cost Escalation and Present Value 

2. Conclusion * 



IV; Economics of Energy Alternatives 

A, Finances of An Investment 

B. k . Taxes 

1. Corporations and Taxes 

2. Tax Credits 

, C, Life on An Investment 
Life-Cycle Costing- 
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V. Energy Analysis 

A. 'Replacement Projects 'and Original Projects 

B, Mutual ly-Excl us iVe Projects ^ _ 
C: Net- Cost Savings Per Year 

D. . Payback Period 

E. Capital Recovery Factor 

F. Benefit-Cost Analysis # 
* G." Net Present Value Method 

1. Defi-nition of Net Present Value 

2. Calculation of Net Present Value 

3- Usefulness of the Net Present Value (NPV) Method 
4. ""Shortcomings of the NPV Method 
; H. Internal Rate of Return (IRR) Method - 
. L. Definition of, Internal Rate of Return . 

2. Calculation of the Internal Rate oT Return (IRR) 



3. IRR and An Irregular Flow of Cost*'Savings 
• 4. Use of IRR and Evaluation of Mutually-Exclusive Project 
I. Comparison of Methods for Evaluating Energy p\,je\C^s 




\ 



) . 
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TECHNICAL MATH II 



COURSE DESCRIPTION * 

Technical Math II is intended t'o provide the student with the math back- 
ground necessary for the performance of energy conservation tasks. Subjects 
covered range from plane .geometry to trigonometric functions.' - 

PREREQUISITES 

None. " ' 




• \ 



RECOMMENDED TEXT 

* • 

± Elementary Tachfticgl Math Vn'th Calculus , from MacMillan publishing Co. 
COURSE OUTLINE . ^ % \ . " ' f ' 



^ I. Geometry ' * • » 
A. Plane Figures 
l k Lipes 

2, Angles 

3. Polygons 
;<B. Measurement of Plane Figures 

1* Perimeter 
2. Area 
RTgfiTAngles 
1 . Py-thagorean . theorum 
2« Triangles 
Circles 



1. TermS 

2. Measurements 
Circumference, Area 

E.« Solids ; ~ ~ 

L , Polyhedrons 

' Vblume, lateraT area 

2. Cylinders . w 
Volume,, lateral area * 

3. Pyramids- ' * 
Volume, lateral area 

4. Cones , . * 
; Volume, lateral area 

5. Spheres 
Surface 'area, volume - 



v 



ii. 



Logarithms j£L 

A. LogarithfiisSnd Anti logarithms 

B. Common x&qsJ ■ 

C. Natural Logs - ' 

D. Exponential Equations and Power of Numbers 

II L\ Trigonometry^ « * , - 

Ratios 4 \ > 

1. Angles V 
Types, measurement 

2. Trigonometric Functions 



r 
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B, Trigonometric Tables 

C, Right Triangles, 

1. Trigonometric Functions 
,2. Logarithms of Functions 

D. Functions of Angles 

1. Finding angle on coordinate system ' 

First quadrant, second quadrant, 
third quadrant, fourth quadrant 

2, Finding angle given function 

E. Radian Measure 
,F, Vectors 

1. Calculation 

2. -Representation 

■ 3, Multiple vectors 
G. Graphs , " 
lvr Sine curve 

Cycle, frequency, period 
2. • Cosine curves 



1 
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SCHEMATIC AND BLUEPRINT READING 



COURSE DESCRIPTION 

Schematic and Blueprint Reading should be designed to familiarize the' 
student with the standard symbols and techniques used in schematics of 
electrical, mechanical, hydraulic and pneumatic systems and structural 
blueprints. Devices' and systems discussed in other courses in the Energy 
Conservation-and-Use Technician curriculum are used as examples. The 
- laboratory should stress the identification of parts and the relationships 
of the schematic or blueprint to the system it describes, 

PREREQUISITES 
None. 



RECOMMENDED TEXT 

Blueprint Reading for Commercial Construction , fro|i Van Nostrand 
Reinhold Company, 

COURSE OUTLINE 

' I, Electronic Schematics. 

A, Standard Symbols in Schematics \ 

B, Reading Electrical Schematics \ 

C, Circuit Layout and Component Identification 
D* Schematics for Electronic Instrumentation 
E, Residential Electrical Circuits t * 
R. Electrical Power Distribution Systente* 

II. Mechanical Schematics 

' A, Schematics of Mechanical Patt;s 

B, Dimensions and Tolerances ^ ■ 

C, Orthographic Projections 

D, " Standard Symbols in Hydraulics and Pneumatics 

III, Blueprints 

A, Frame Construction 

B, Heating, Ventilating" and Air-Conditioning 

C, t Plumbing^ 

D, Structural Steel 

E, Concrete and Masonry k " y^ m ■ 
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ENERGY PRODUCTION SYSTEMS 



COURSE DESCRIPTION 

Energy Production Systems is 'an in-depth technical study of the processes 
and equipment used to convert fuels, such as coal and natural gas, and energy 
resources, such as sunlight, into useful energy forms: electricity, heat, or 
motion. This course will^ enable energy technicians to select optimum energy 
sources and equipment for maximum economy, availability/ efficiency, and/or 
environmental quality. The fil*st four modules of the course emphasize fuels 
and energy sources, examine their properties,, and describe how they are used 
to produce steam and hot water. These modules extend information as far. as 
the boiler in the system. The final three modules emphasize how energy is 
used: to produce motion, to drive a turbine, or to produce electricity. 
Thus, steam-that is produced by^the combustion of a fuel, as dracribed in Mod- 
ule EP-01 or EP-02, is used in processes that are described in later modules. ' 



PREREQUISITES 



The student should have completed the fundamentals of Energy Technology 



course- y / m - 

RECOMMENDED TEXT 

CORD-deve loped instructional modules as follows: 



I. EP-01 Generation of Steam and Hot Water Us4ng 
Solid Fuels 

II. EP-02 Generation of Steanrand Hot Water Using • 

iriquid and Gaseous Fuels 
III/EP-03 Generation of Steara, Hot Water and Hot 

Air Using Solar Collectors 
IV- E£4)4 Generation of Steam and Hot Water Using 

y^uclear 'and Experimental Power Sources 
iu EP-05 Combustion Engines 
'W. EP-06 Turbines 
Vl\,EFM)7 Production of Electricity 

COURSE OUTLINE, 

I. Generation of Steam and Hot Water Using Solid Fuels/ 

A. Types and Properties of Solid Fuels " 
^ s 1. Coa] 

2. Other Solid Fuels . . • 

B. Handling of .Solid Fuels 
i I. Transportation 

Z\ - Unloading ' . _ 

3, Storage * ♦ 
* 4. Sizing 

\ C. Combustion of Solid Fuel^ 

1. Stages of Combustion 

2. , Chemical. Reactions in Comcast ion 




i 

Contact Hours/W^ek 
Class Laboratory 



0 
0 
0 
0 
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D, Burning of Solid Fuels 

1. Stokers 

2. Pulverized Coal Systems 

3. Cyclone Furnaces 

4. Fluidized Beds 
5 V -Excess, Air 

6. Boilers - 

7. Removal of Ash 

E. r Economic €nd Environmental Aspects of Solid Fuel Systems 

L. Economic Considerations 

2. Environmental Considerations 



II • Genera tionX^Steam and Hot Water Using Liquid and Gaseous .Fuels 

A. Types and Properties of Liquid and Gaseous Fuels 
# * 1. Liquid and gaseous Fossil fuels * 

*. • Fuel oil", natural gas, liquefied petroleum gas, manufac- 

tured gas, shale oil 

2. Liquid and Gaseous Fuels Derived from Coal 

Manufactures gases, coal gasification^ coal, liquefaction 

3. Gaseous a~hd Liquid Fuel from Biomass 

Gaseous products, liquid products 

B. • Fuel Handling 

1. Transportation 

2. Storage - 

3. Preparation for burning — 

4. Waste Disposal I 

C. ' Combustion Systems for /Li quid and -Gaseous Fuels 
a . * 1 . Burners I * * 

2. The' Complete Combdstidn 'System 

D. * Relative Advantages of Liquid and Gaseous. Fuels 

1. Economics 

2. Environmental Considerations 

3. Summary of Advantages and Uses 

III. Generation of Steam, Hot Water ,' 5 and Hot Air Using Solar Collectors < 
'A. Solar Radiation 

*1. Solar Constant -(.Insolation) * - 

2. Factors Affecting Incident Solar Radiation 

Absorption in^the atmosphere, solar altitude 
•3. Absorption by Various Materials^ 

B. Efficiency of' Conversion of Sol,ar Energy to Useful Heat 

C. .Hot Water Systems " - 

1. v flat-Mate Collectors 

2. v Concentrating Collectors 

3. 5 Effect offtAdjustirtg Orientation of Collector for Maximum. Coll ec 
tion Effrcijency 

4. Total System Configuration [ 

Storage devices, control considerations, comparison of ef- 
' v ficiency for various configurations 

D< \Hot Air Systems 

1. Passive Systems J ^ 

2. Collectors " * , J « 

3. Storage \ 

4. Comparison to Water-Based Systems 



E, Solar Furnaces "for Steairj Generation 
1. Axial Tower 

i Parabolic Collectote 

3, Location , r * 

4, Reduction of Heat Loss 

5, Maintenance " 

F. Factors Affecting System Operation 

1. Architectural Factors 

2. System Size 

3. Economic Factors % 

% » 

IV. Generation of Steam and Hot Water, Using Nuclear and Experimental Power 
Sources 

A, Nuclear Reactors (Fission) — >\ ■ 
L ' Light Water Reactors 

Reactor design, boiling water reactors pressurized water** 
reactors, status of light water reactors, the nuclear fuel 
cycle, safety of .nuclear reactors 
1 2. Heavy Water Reactors 

3, Gas Cooled Reactors - 

4, Breedef* Reactors - 

B« Nuclear Fusion " * ' 

1. Magnetic Confinement Fusion ■ K 

2. Inertia! Confinement Fusion 

3« Fusion Reactors x 

4, Projected Technology t * ^ 

C, Geothermal Energy Supply 

1. Geothermal Energy Resources x ' * 

2. Present Geothermal Technology 
' Ocean Thermal Eneftjy^ 

, 1. Principles . / 

* 2. Basic Plant Design 

3. Present Technology 

V. Combustion -Engines * ' * 

A, Classification of Engines ** 

1. • Place of Combustion % \ N 

Internal combustion, engines , external /combustion" engines 

2. Means of Energy Conversion - - 

Reciprocating engine, -rotary engine 

3. Type of Mechanical Cycle % ■ V 

Two-stroke cycle, four-stroke cycle \ 

4. Type of Cooling, System 

• ' Water cooling systems, air colling systems 

5. Arrangement of Cylinders 

In-1 inefcylinder configuration, V-type cylinder configura- 
> tion, opposed cylinder cor^figuration, radial cylinder con- 

figuration 

B. Components. of an Internal Combustion Engine 

1. Cylinder block ? \ 

< 2. Cylinder head 

3. Manifolds - 
- 4. Valve Train 
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Camshaft, tappet (valve lifter), push rod, rocker arm as- 
^ semb'ly, valve springs, valves 

5, Piston and Connecting Rod Assembly 

Piston, connecting rod, bearings, 

6, Crankshaft Assembly - 

Crankshaft, flywheel 

C, Engine Lubrication Systems 

1, Splash System 

2. Barrel-Type Pump System * 

3, Oil, SI inger System 

4. * Pres surer Feed System ' * 

Oil \an, oil 'pump, oil filter 

D, xuel Systems j ./* - ^ 
1. , Fuel Injection • 

( Types of injection systems, nQZzles 

2 J Carburetion ■ ^ * / • : 

Fuel pumpi, fuel filter, air cleaner, carburetor v fuel 
tajjk, fuel lines 9 * 

3, - Efficiency of Fuel System , 0 

E, ElectricaTSystem 

1. * Battery 

2. Ignition/Starting Switch / * * 

3. Ignition System " 

i/ * . Coil, distributor, spark-plugs, repair and timing of the 

{ ignition system 

4. Starting System . ' 

Solenoid, starter motdr * V 

5. Charging System. ' 

Alternator/generator, voltage- regulator, ammeter 

VL Turbines y * ^ 
A, ' Ste^mT^lrbines 

1. ihe Simple Steam Turbioe * . 

2. Impulse Turbines . 

Single-stage impulse turbine, vre.locity-stacje impulse tur-* 
? bine, pressure-stage impulse turbine, combination pres- 

sure- and velocity-stage turbine. # ; /- = 

3. Reaction Turbines • * 1 

4. Steam Turbine Design Features >, *" > . 

Nozzles, rotor, casing, blade seals, shaft seals , .bearings 
' steam chest, extraction ports, turning gear, steam flow 0 
• • 1 * paths - \ * * 

5. Steam Turbine Systems and Applications < ; / 
Condensing turbines, noncondensing turbines, m>xed pressure* 

turbines, extraction turbine, reheat" ttqfbines°' 
Gas Turbines 

1. Gas Turbine Design Features 

% ^Air intake system, compressor, combustor, turBine, 'exhausts 

system * . - * ^' 

Gas Turbine Characteristics and Applications* # 
C, Hydraulic Turbines ^ * > . ' 

1; Hydraulic Impulse Turbine - t : * ( ^ 

2. Hydraulic Reaction. Turbines ' ' V . 
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^3, Wind Turbines ^ 
VIL Production of Electricity 

A, Electrifcal Power Plants Using Steam Turbines and Combustion- Enqines 
1. ^ St^am Turbine Plants . " 

j Steam cycles and efficiency, system configuration, genera- 
■ 1 tion of three-phase A.C. power, comparison of plant costs 

2- 'Hydroelectric Plants 

3- Internal Combustion Engine Plants 

4- Generation of Direct Current Power 

B, Batteries 

1. Principles of Electrochemical Energy Generation • 1 

2. Conventional Batteries 

3. Developmental and Experimental Batteries 
' C. Fuel Cells r , 7 

D. Photovoltaic Generation of Electricity I s 

1. Principles of Operation ) " 4 

2. Photovoltaic Cells f 

3. _ Application , of Photovoltaic Electrij^gerteration 




MEGHANICAL DEVICES AND SYSTEMS 



COURSE DESCRIPTION 

Mechanical Devices and Systems is an in-depth study of the principles, 
concepts and applications of various mechanisms that may be encountered in 
industrial applications of energy use and conservation, "Hie mechanical com- 
ponents and systems are divided into eight modules of instruction, covering 
operational principles, uses, maintenance, troubleshooting, and repair and 
replacement procedures. Th$ procedure or application portion of the modules 
-will emphasize practical maintenance and installation of equipment and se- 
lection and specification of proper replacement components from manufacturers 
catalogs. 

PREREQUSITES . 

The student should have .completed the following Unified Technical 
Modules: Concept Modules 1-0, "Force," 2-0, "Work," 6-0, "Power," and 8-0, 
"Force Transformers"; and Application Module 8M3, "Drive Systems," One 
year of high school algebra also must have been completed . 

RECOMMENDED TEXT " ? 

CORD-developed instructional modules as .follows: 

Student 
Contact Hours/Week 
* * Class Laboratory 



I, MS-01 Belt Drives ~~~3 ~3 

II. MS-02 Chain Drives 3 3 

III. MS-03 Gear Drivj2S__ ^ 4 4 

-- — IVr— - MS^4"Dnve^TraTn^^ I 4 4 - 

V. MS-05 Drive Train Components II 4 4 

VI. MS-06 Linkages 4 4 

Vlh MS-07 Fans and Blowers 1 4 ,4 

VIII. MS-08 Valves ' -4 4 



COURSE OUTLINE m * 

I. Belt Drives* 
. A. Mechanical Drives 

. B. The Belt Drive * \ - 

C. Types 'dT Belts 

D. Flat Belts ' ' 
1. Length Measurement and ^Calculation 

* * 2. Belt-Speed calculation 
3. The Positive-Drive Belt 

E. Maintenance of Flat Belts v 

1. Splicing of Flat Belts 

2. Troubleshooting of Flat Belts 
* ; IF. V-Belts . * m . 

I; Design Variations , 
2. Variable-Speed Belt Drives . 



3, Forms of Belt Drives 

4, V-Belt Sizes and Matching Numbers 

5, Pulley Size 
Maintenance of V-Belt Drives 1 

L* Sheave Alignment in V-Belt Drives 

2. V-Be>t Installation 

3. Belt Tension 

4. Troubleshooting of V-Belts 
u 5. V-Belt Drive Selection 



IL Chain Drives 

A/ Characteristics 
B. Types of Chains 
Q/ Chain Length „ 
p. % Sprockets 



of Chain Drives 



1. Types of Sprockets 

2. Sprocket Speed 

3. Sprocket Position 
* 4. Idler Sprockets 

- 5. Selection of Chain Drives 

E, Maintenance 

1. Alignment 

2. Chajn Installation 

3. -Chain Tension and Sag, 
^-^r— Lubrication 

5. Sprocket Inspection * 

F. . Troubleshooting of Chain Belts 
G« Chain Storage 



IIL Gear Drives f 
h. Mechanical Basics 
w B. Gear Basics 

C. Terminal ogy 

D. Types of Gears 

1. Parallel -Axes* Gears 

2. Intersecting-Axes Gears 

3. .Non-Intersecting, Nonparal lei -Axes Gears 

4. Moving- Axes Gears 

E. Gear Trains' 

F. * Maintenance* 

1. Lubrication 

2. Adjustment 

3. Inspection and Troubleshooting 

G. Selection of Gear Drives 

IV, Drive Train*Components I . * 



A. Shafts 

1. Shaft Spacing j * *• 

iBpss^d and Turhed-Down Shafting 
Flexible Shafts 



2. 
3. 
4. 
5, 
6 



Shaft Expansion 
Alignment 
totalizing of 



hafts 




f 7. Bent Shifts 

• 8. Shaft (Selection 
9. Sjiaft Keys and Key seats' 
B\* Bearings 
C. Plain Bearings 

Mounted Plain Bearings " 
2. Lubrication 
0. Antifriction Bearings 
* ' .1. ' Radial Bearings 

2. > Thrust Bearings 

3. 9 Combination Bearings 

4. Mounted Bearings- 

5. Shaft Alignment 
- 6. . Belt Tension 

7. Shock Loads 

8. Bearing Installation r 
•*9. Vibration 

t 10/ Curreijt Through Bearings ' 
11.. Lubricants 

Lubrication systems 

12. Troubleshooting 

13. S^ectjion 6f Antifriction Bea 

V*. /Drive Train Components II 
Seals 1 

1. Static! Seals - Gaskets 
2* Dynamic Seals 
3... Mechanical Seals 1 
Couplings | 

1. Definitions 
2; Rigid Qpuplings « ' 1 

3. . Flexible Couplings. 

4. Universal Jpints 

5. Selectio^ o£ Couplings 
Clutches 
,1. Definitions 

2. Friction Clutches 

3. Magnetic Clutches ' t 
4 V Jaw Clutches ^ 

5.' Dry Fldfid'Clutches 
„ ' 6. -Hydraulic Clutches 

VI.. Linkages 
h, A. ^ Terms, and Definitions 
vV^ Types of Linkages . 
C. Cams ^ * 
jL 1. Terms -and Definitions 
" 2. Jypes of Cams 
3. Types of 1 Followers 

VII. Fans -and flowers 

A. The Two Fan and Blower Tjmes y 
Axial -Flow Fans and Bipwers* 
99 2. Centrifugal Fans and^Bfiowers 



. T 



/ 3- Materials of Construction \ • - 

4, Accessories * ^ 
d • , Energy 'Conservation , ^ 

/ L The Economizer Cycle 
' '2, The Heat .Wheel and Other Heat Exchangers 
' 3- Controllable-Pitch Rans and Speed Controls 

4, Dampers < ' . l 

5, Air Curtains for Energy Conservation* 

6, The Heat Recovery 'Air Curtain' 

C. Testing and Air Flow Measurements 
D: Anemometers t 

E. Maintenance ' ' • ^ 

Fan Selection , 
G! General Inforirtation and Terms • , ' 

• 1. Pressure Increases * . . 

s 2y. Fan Laws 
•3; Fan Wheel Diameter. 

4, Pressure and Pressure Difference , 
\ < 5* Air Horsepower 
6\ Ai> Density 
* 7. " Efficiency * • ♦ 

VIII V halves B 

'• -*A« Components and Operating Principles , 
B. Uses of Valves' 4 
« • C. Valve" Types 

D. Materials for Valves 

E. • Valve Cedes and Markings P# * 

F. Valve' Actuators * 

1 G, When -Automatic Controllers are Used 
H* Valve Maintenance A • 
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FUNDAMENTALS OF ELECTRICITY AND ELECTRONICS ' 



-COURSE DESCRIPTION . 

.Fundamentals of Electricity and Electronics is designed to prqvide the 
student with basic knowledge and skills iri dc and ac electrical circuits to 
include circuit analysis, recognition an<J use of el£ctn>al components and 
electrical measurement instruments. Topics presented include voltage, re- 
sistance, current, 'power, Ohm's law, inductors, capacitors, series and 
parallel circuits and magnetic circuits and devices. 

PREREQUISITES * \^ 

Unified Technical Concepts I. ' 

RECOMMENDED TEXT * . ' ' 

CORD-developedJnstructiona"L modules as follows": 

Student 

t ' Contact Hours/Week - 

0 * Class Laboratory' 

I. FE-01 Basics of Electricity and Magnetism 3 3 • 

II. ' FE-02 Electricity in Motion .5 5 * , v 

III. 'FE-03 Direct Current Through Series and 

Parallel Resistors '6 6 

IV. FE-04/AC Circuit Analysis '6 6 

V. FE-05 Reactance and Impedance ^6 6 

VI. FE-Off Magnetic Circuits and Devices 4 > -4' 

COURSE OUTLINE ^ ^ - 

4 I. Basics of Electricity and^Magnetism 

A. Electricity 

1. TKe Direction of Electric Force 

2. The Size of Electric Force . ' 

B. ^Magnetism 
1. Natural or Permanent Magnets 



Magnetic Ffeld Around a Wi re' 

C. Sunmainy 

** * • 

II. Electricity in Motion 

A: ElectHc Current „ • 
Bv Electromotive Force » 

C. Production of Electron. Flow • 

1. The Generator 

2. The Battery 

3. Thermoelectric Pumps 
■4% Photoelectric Pumps 

5. 'Piezoelectric Pumps 

D. Resistance 

1. Kind of Material 

2. Length of Material 

3. Cross-Sectional Area 

4. Temperature 
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E. Resistance of Wires 

F. Types of Resistors 

: ; 1. Variable Resn's-tors 

• 1 2. Special Resistors 

G. OHM'scI^^ 

•III. Direct Current Through Series /and ParalTel Resistors 
A, Rir^hhoff's Voltage Law 
% B. Kirchhoff's Current Law 
C. , Series. Parallel Circuits 
; Dk* Mesh Current Analysis * 
t.' * Superposition Analysis^ 
F. Substitution Analysis \ 
•(^ Wheatstone Bndqe " 4 \ 



y 



IV. ' AC Circuit Analysis , 

A. , Definition^ Alternating Currents 

1. Ereguency \ \ 

2. generation of A.C. s 
« B, Practical A.C. Generators 

1. "Armature Coil Size 

2. Field- Magnet . 
3., Rotation of Field Coils 
4. : . Three- Phase A.C. 
•5/ . Phctse .Between Voltage and Current 
■ 6. Adding- Two A.C. Currents, or k Vol tages 

C. Power in A.C.^Circuits " 

D. Alternating Current Values 
♦1. Maximum Or Peak ~ y * \ 

2. Instantaneous 

3. Average 

u % 4/ Effective or RMS Value ' - 
E/ Rectifiers and Power Supplies 
1. A.C. Source ' 
4 2^ Transformer v \ 

3. « Rectifier ~~ 

4. Half-Wave Rectifier 

5. Full -Wave Rectifier', 
. 6. Filter • ' * 

7. tfoltacje Divider 

8. Voltage Regulator 

V. Reactance and Impedance . . 
A^ Impedance ( • 

B. Inductors 

1. Induced Current j • 

2. Mutual Induced Current 

3. * Self-Ipduced Current 
" • C. Inductance " 

1. Factors Affecting Inductance 

Numbed of turns,- type of" care, spacing between windings 
.diameter of coil, coil diameter/length 'ratio 

2. Phase Relationship in' an Inductor * 



D, 



E. 



F. 



L 
0. 



L. 
.M. 



Inductive Reactance 
L Inductors Connected iri Series ' 
2* Inductors Connected in Parallel 
Typical Inductors s 
1: Power-,Frequency Inductors 
2: ^Audio-Frequency Inductors 
3, Radio-Frequency Inductors % 
Testing Inductors 

Capacitors * . *j 

1. Factors Affecting Capacitance 

~ . The Area of the plates', the distance between the plates, 
types of dielectric- 
Phase Relationships, in A fcapacitor 
Capafcitive Reactance 
Capacitdr^s Connected 1n Series 
Capacitors Connected in Parallel 
Types of Capacitors 
Testing Capacitors 
Impedance gn an RL and RjC Circuit* 
1. Vector Concepts 
Zi m RL and RG Circuits . • 

Power Factor • 
Time Constants 

Universal" Time'Constant 'Chart 



VI. Magnetic Circuits, and Devices 
A« The Laws of Magnetism 

B. Electromagnetism m 

C. Magnetic Terms and. Magnetic, Circuits 



1. Magnetomotive Force 

2. Magnetic- Flux 

3. Reluctance and 
4: Classification 
5. The B-H Curve 

* 6. Hysteresis 
• Magnetic Devices 



Permeability ■ 
of Magnetic Substances 



F. 



1. Relays 

2. Relay Coils and Cores - 

3., Relay .Contacts • 

4. Relay Circuits ¥ . \ 

5. Transformers , . 1 

6. Transformation Ratio, , * 1 - 

' Input/Output Voltage' Phase *• c 

1. Transformers Used as Impedance. Matching Devices^ •* 

2. Transformer Losses and Efficiency' 

3. Types of Transformers • . * t ■ ' 

4. % the Power Transformer • • t 

Thet Audio Transformer, 'the'Yadio-frequency transformer 
Motor Action : * x • ■ 



ERIC 




>■ r ELECTROMECHANICAL DEVICES 

■ •• ■ , f ... • • / : : 

' COURSE DESCRIPTION V • - 

Electromechanical Devices Ms designed to provide : the student with a 
working knowledge '.of control elements in ejectrical" circuits, transformers, 
, motors and generators. Topics presented include switches, circuit breakers 
.relays, fuses, transformers, d.c. and a.c. motors and> generators. K 

PREREQUISITES *• . v • , ' 

' The student should have completed a course] in d.c. and a.c. circuit' 
analyses. • • ' 

- 

RECOMMENDED TEXT 



CORD-developed instructional modules as follows 



Student ' 
Contact Hours/Week 
Class Laboratory 



I. 



II> 



I 

IV. 
V. 

VI. 
VII. 



EM-01 Electromechanical Devices - 
An Introduction 

EM-D2 Control .Elements in Electrical Circuits" 

EM-0 3. Trans formers • ' • 

EM-04 Generators and Alternator! < 

EM-05 D.*C. Motors and Controls 

EM-06 A.C. Motors and Controls 

EM-07 Sync+iromechanisms 



3 
4 
4 

4 • 

5 

5 

■ 5> 



3 

4. 

4 

4 

5 
5 
5 



COURSE OUTLINE 



I. Electromechanical Devices - An ■ Introduction . ' • 

A. Magnetic Forces anri Fields . 
The Origin of Magnetism _ 
Magnetic Fields of Electric Currents 

Forces on Charged Particles Moving Through Magnetic Fields 

Generator Action » - 

Motor Acti on • . ' . *" 

Transformers • ' , : 



B. 
C. 
D. 
E. 
F. 
G. 



II. Control Elements in. Electrical Circuits 

A. Swftches 

B. Testing and Maintenance of'Switches 
-C. Relays 

D. Testing and Maintenance of Relays 

E. Relay Circuits 

F. Fuses 

G. Checking and Replacing Fuses 

H. Circuit Breakers • 

I. Checking Circuit Breakers 



v 
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111. * Transformer^ * , - 

A. The Basic Transformer 

B. Power losses in Transformers 
£. Power Transformers • . - • 

Autotransformers * 
Other'Trahsformers 
/#. * F> * Troubleshooting Transformers 

IV, Generators and Alternators 

A.* The Simple D.C. Generator * , 
• B.. Construction of *D.C. Generators 

C. FieHcJ Coil Connections in" D.C. Generators ■ . 
D/ Operation of Generators 

E. -The Alternator * « . . • * # 

F/ t Automobile Alternators 
G. : La^ge ATt'ernators u ' # 
- H. Operation of Alternators 
I. Maintenance. 

- V. ' D.C. Motors and Controls «f 

A, The Simple D.C. Motor 

B. Construction' of D.C, Motors 

. C. D.C. Motor. Controls . ' . 

D. Motor Efficiency " 

E. Motoi; Maintenance and Troubleshooting » , 

VI,' A.C. Motors and Controls ' % 

. A. Jhree-Phase A.C. Motors \ * 

1 Rotating^ Magnetic Fields 9 
2. Synchronous Motors ■ *' . 

v< 3. Induction Motors , 
4. Power Factor in A.C. Motors « 
0f. Synchronous Motors ■ ^ v 

1. "Rotor Construction ^ . ' . 

2. Field Excitation and Power Factor ' 4 ' 1 
* 3. , Starting Synchronous Motors " ■ 

4. Applications of Synchronous .Motors • * 

—if. — Three-Ph^^Inductton-Motors^ — : i * — 

1* Rotor Construction J . / 
2.^ Starting Threfe-Pbase Induction* Motors 
./<•; 3".* Applications of Three-Phase Induction Motors 

- /• _4. WoCind Rotor Motors * C 

D. Single-Phase Induction Motors - , - % * * * ( 
• i. • 1. "Capacitor-Start Motors 

2. Permanent-Capacitor Motors % 

3. Repulsion-Induction Motors - ' 

4. ■ Shaded-Pole Motors . . ^ 

5.. .Speed Control of Single-Phase/Induction'Motors 

E. Universal Motors , ' : . \ 

VII. Synch romecrtan isms- : > . ^_ , • % 
^ A. The Synchro Transmitter * 

B: The Synchro Receiver - ■ - 



N 



C. Differential Synchro-Jransmlttefs and Receivers 

D. The Synchro Coiitrol Transformer I 
£. Classification of Synchromechanisms '• 

F. Applications of Synchromechanisms ' • 
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COURSE. DESCRIPTION 



ELECTRONIC DEVISES AND SYSTEMS 



• Electronic Devices and_Systems is designed to provide' the student with 
a^working knowledge of modern electronic de\Tices and the circuits in which 
they are 'employed. .Electronic troubleshooting, techniques are .stressed 
# throughout the course. Jppics presented include rectifiers, transistors^ 
• SCR l s and triacs, vacuum and gaseous .tubes, filters, amplifier circuits, 
qperational^aiuplifiers, noise reduction, digital circuits and drsplay 
devices. . * - V 



, PREREQUISITES 

The Student should have completed one year of algebra and should al^b be 
.familiar with the concepts of direct current and alternating current electron- 
ics. 



RECOMMENDED TEXT 

CORD-cieveloped instructional modules as 'follows: 



I. ED-01 Concepts and Applications of Input 
and Output ' 
II. ED-02 Vacuum Tubes. 
III..'. PD-03 Solid State' Devices 
IV. ED-04 Integrated Circuits 
V. ED-05 Indicators and Displays 
VI. ED-06 Digital ^Techniques . 
VII.- ED-07 Analog and Digital Systems* ♦ 
» . ^ ...» 

COURSE OUTLINE' > ' 

I. Concepts and Applications of Input '-and Output 
' *A. Appl icatior\£ of Stages and*Systems . 

— B^- — Osc'i-VUt^rs^and-Wave- Generator 



Student 
f Contact Hours/Week 
Class Laboratory 



5- ' 
5 

6 • 

6 

6 

6 

6 



i. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 




bistable 



5 
5 
6 
•6 
6 
6 

•6 



Oscillators 
Wave Generators 

, Astable, monos 
Ramp 'Generator's 
Waveshaping 
Integrator 

Differentiator ' 
Clippers 

Slicers ' * ' 
Rectification and Filtering ' 
Regulators 

Indicators and Displays ' , 

Incandescent lamps, neon lamps, light-emitting devices 



FRir 



106 



1'0{ 



4 12, Thy ris tors 

Bidirectional 'triode thyristor 

* 13, -Digital Techniques ' ' • 

1 Decision-making stages, memory 

C. Summary * ' ' 

# 

II. ':Vac'uum Tubes , • , ■ v 

A. Vacuum Tube Amplifiers 

1* ' Operation \ 
2'. Cathpde Bias / 

3. Class of Operation/ 

4. Distortion 

5. Amplifier Configurations . 1 *• * 

Common cathode, common grid/ common plate 

6. Stage Coupling./ > » 

• CapacitiW coupling, transformer coupling, direct current 
coupling / * N 

7. a Miscellaneous /Tube Circuits <, 

■ Laser aijiplfflers, traveling-wave tube amplifier, klystron 
amplifi/er ( . 

B. Summary /-v, • * . 

HLjSoUd Statue Devices ' - ' ' , 

A. Bipplar Devices ^ 

1* " Semiconductor, Materials • " 
2,- Conduction of Atoms 

P-type atoms, n-type atoms, combined atoms, formation of . 
. -the 4-~ combination (p-type material), formation, of 4-* r . 
\. combination (n-type material), conduction of P- and N-type 
. materials ? , 

. 3. r • Formation of the P-tf Junction » ' " 
V, 4\ Diodes, , « 

Rectifiers, one-way switches, regulators,' vol ta^er- variable 
, ' # f capacitors ' \ 

. ' • 5- Diode Testing* / . " * * ' 

6*. Bipolar Transistors^ , : 

7. Bipolar Transistor Testing 

8- Identification of NPN or PNP Transistors 

B. Field-Effect Devices 

1 • Junction FETs • * , 

'•^ 2., Insulated Gate FETs / — 
r 4 Depleti-on mode, enhancement IGFET 

f 3. s Configurations £ ^ 

4/ FgT Safety Precautions ' . " 

»• 

IV, Integrated, Circuits 

A, The Intact of Integrated Circuits 
1 > "Advantages t \ 
^ 2. Disadvantages * 
• B. Types of ic's 

1 • Bipolar re's 
2. MOSAIC'S 
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3, Other Style IC's ' 

Thick film, hybrid JC's/ • # 

C. .Applications of Analog ICs : . " 

1. Operational Amplifier m - * 

2. • Power Supply Requirements . ^ 
. 3, CRip Use ■ ; •« ■ 

* 4, Practical Operational 'Amplified Uses 

Indicators and displays *' m 1 

A, "Incandescent Lamps * ^ - . J 

Neon Lamps, % . 

Q. light-Emitting DiodesHLEDs) ^ - • 

1. LED Uses s I 9 

' *,2. '0n-0ff'LED /• . * , 

3. Segment Display LEDs • • 
1 4, ". Special Application LEDs • 

D. Liquid Crystal 'Displays (LCDs') ' 

Digital Techniques 

A. , Primary Binary Logic Devices 

B. Basic Logic Functions * 
- 1. Decision-Making 

AND gate', OR gate ' * ^ 

C. Gate Application . % . 

' 1. Menfory % > * 

The latch flip-f}op, the latch application, the 

, • * flop,, D flip-flop application, JK flip-flop, JK 

. 'flop application m ' ^ 

'Analog and Digital Systems 
A. Analog ^Systems 



D'flip- 
flip- 



1 



B. 



Power .Supplies • _ . 
Audio Systems _ * > 

Direct current-coupling, 
Silicon Controlled 'Rectifiers 
Triacs-A.C. "Control Systems \ 
Temperature Monitoring Systems 
Humidity Controller , - 
Light-Sensing System t 
Digital Systems . 

1. Binary Counters 

2. Shift Register. 



72. 

3. 
4. 
5, 
6. 
• 7. 



capacitor and, transformer coupling 
- D«C. Cogtrol Systems 
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ELECTRICAL POWER AND ILLUMINATION SYSTEMS 



COURSE DESCRIPTION . ' '- 

* • ■ . « 

Electrical Power and '111 umi nation Systems is designed to provi'de the 
student with practical knowledge pf electrical distribution systems and * 
contains a section with specific emphasi.s on' illumination systems. Topics 
presented include three-phase electrical, system's., generating stations, high- 
voUage transmission and distribution systems,. industrial and residential 
power distribution, -wiring and electrical codes, "illumination measurements,' 
and indoor and outdoor lighting systems. ^ 1 

PREREQUISITES * 

' The'student should. have mastered "basic physics and d.c. and a.c\ circuit 
,analysis^ 'The student should have also taken or- be taking,- Electromechanical 
Devices . , ... • 

RECOMMENDED TEXT - ' r 

CORD- developed instructional modules as foTlows: ' . 

t v ' . " Student 

.** ' . Contact Hdurs/Week 



'II. 



in. 

IV. 

.. v. 

VI. 
VII. 
VIII. 



PI-01. Efficiencies of Electrical Power 
. Distribution Systems 
PI-02 Electricarfower Transmission ;and- 
Distribution 
M-03 Industrial Electrical, Distribution 
PI-04 Residential Electrical Distribution 
PI-05 Electrical Energy Management 
PI-06 Fundamental's .of Illumination 
PI-07 Light Sourtes-' ^ 1 



PI-08.E|ficieh;cy irj II lumination Systems 
CQURSE OUTLINE ' . 



'Class 


Laboratory 






4 


4 


, 4 


.4 * •. 


-4, • 


' • '4 


■ 4 - 


' 4 


-'•4 


4 


4 ' • 


4 • • 


3, 


3. 


.3 


* 3 - • 



I. Effi 



cr. 

E. 



ciencies of Electrical fower^Distribution Systems N 
A.C. Power Systems ' s m > / * , { 

1. Transmission and Distribution of Electrical Power 

2. -Energy Losses in Electrical Power Systems* 

3. - Voltage Control In tl^ctrical Power Systems 
Review of' A.C." Circuit Analysis 

J. A.C. Circuit '.Elements 

Z r Series Circuits ■ - ' 

3. Parallel , Circuit- 

Power factor and System Efficiency , * ' . ' - 
T. Power in A.C. Circuits ' , 

2. Pov^er Factfrr, \ * ' 

3. Improving Power Factor with Shunt Capacitors 

4. Improv-ing 'Power Factor with Series "Capacitors 
Three-Phase Power * ; 

Summary * 



* ♦ 
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II. Electrical Power Transmission and Distribution 
' A* Typical Transmission and Distribution System 
B\ Transmission* Lines - - 
1, Poles and Towers 
*2.~ Cables' 

3* Lightning Arrestees , N 

t. Substations " , 

D. System Components 

1, Transformers 

2, Voltage Regulators 

3, Ci-rcuit Breakers % . 
- 4, Disconnect Switches 

5. 'Instrumentation 

6. \Power Factor Correction 

7. Protective Relaying 
E: A 'Typical Substation 

F. Symmary / 

III. Industrial Elecjfrial Distribution c 
" A. Primary Substations' " * 

■ 1, Primary Substation Design" *' 
• 2. Increasing Reliability of Primary Substations 
> B. Secondary Substations * 

1. Secondary Substation Design 

2. Secondary Substation Connections 

. C* . Distribution Voltages \ * 

D. ^System Grounding 

E. V Circuit Protection D#vice$ 

1 • Circuit Breakers 
2. Relays . x 
' ' * 3. ' Overt;urrent Protection- - 

F. Summary 

IV.' Residential Electrical Distrubution • 

A, .Codes and Testing 'Labopatories 

* . 1. Nationatriectric Code - 

\~ 2. ^Underwriters laboratory 

- Bi Circuit Devices . ' , 

^ 1 ! Switches 

f 2, .Outlets \ ' " 

% 3. '.Circuit Protection 

C. Wires' - , * . 

1. Wire Sizes % , 0 

2. Insulation Types ? 

3. Cables , / . * \ 

4. Selection of Proper Wire Sizes 

D. Boxes an(i Conduit <■ > ' 
. 1 . Types, of Conduit. 

2. Sizing Conduit and Boxes \ 
Wiring Practices 



■ 1 . Color Codes 
•2. Gounding 



i 
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3/ Splices and Connec 
' * 4', Circuit Connection: 
F, Summary 

• Electrical Energy Management % 

A. ' Economics of Electrical Power" Production 
N 1. 'Variations in Demand I 

2. Cost of Meeting* PeakJDemands ' 

3, 'Inefficiencies , of Minimum' Demands 

A y Inefficiencies of Poor Power Factors 
; 5, Who Pays the Price? 

B. Industrial Electrical Loads 
1/ Lighting Leads' * 

* 2. Heating Loads '* • - 

3, Motor Loads 

C. Reduction of Energy Waste r 
1 • Energy $warenes^ 

2. Equipment and Facility Modification 

3. Maintenance Programs 

,4, Power Fac&cir Correction' 
5, Alternate Energy, Sources 

D. - Electrical Load Characteristics 

1, , Divers-fty 

2. /Demand » • ^ 
3* 4 Load Factor ^ 

4. Power Factor *~ ' ~ 

E* Utility^Rate Schedules ^ ' 

1 • Demand Charge , 
„ % 2. Energy Charge 

M 3. Load Factor Discount 

4, Power. Factor Provisions 

5, Fuel Clause 

6« T)me-0f-Day Metering > ' 
F. Electrical Load Management 

1. Electrical Energy Audits"' * * 

2. Turned Load Control - • 

3. Load Shedding and Restoring. 
4/ Ideal Rate Method 

5. Instantaneous Rate Method 

6, True Forecast Method 
6, Summary 

Fundamentals of Illumination 
A- The Nature of Light 

1. Definition of Light t . ^ 

2. Generation of Light * J 
. # 3. Characteristics *of Light Behavior x * 

. ' 4. The Inverse Square L,aw \ • ^ 
B. Light and Color 1 

1. Human Eye Response ■/ 

2. ^ Nature of Color Vision 
3* * Addititfte Color Mixture - 
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4. Subtractive* Color Mixture 

C, Jhe- Visual 'Process 
1 . The Human Eye 

# 2, Adaptation ~ * 

- .3- Visual. Capacity 

4; Visual Acuity 

5. Aging artd Abnormal ^Eyes 
6* The Visual Environment 

D. Units* of Light Measurement ' * 

1. Luminous Intensity 

2. Luminous Energy 

3. Illumination. 
"4* Brightness,, ' 

•E, Measurement* Techniques 

Measurement illumination 

2. " Measurement of Candlepower 

3. Measurement of Reflectance 

F. Quantity of Illumination 

V The Visual Task ; , 

^ 2, Visual Performance 

G. Quality* of Illumination 

. V. Brightness Distribution 
. 2. Atmosphere 

H. Summary' -*« 
Light Sources 

A/ Characteristics of. Light Sources. * 
, 1. Spectral , Energy Distribution 
~ ~2: "Efficacy 

3* Lumen Depreciation 

4* Mortality 

5. Incandescent • Lamps *• 

6. lamp Construction m . i 

7. Spectral' Energy Distribution 

8. Lamp Characteristics 
B* Fluorescent Lamps 

K Lamp Construction 
2.' Electri car Characteristics t 
|j k 3. Spectral Energy Distribution ♦ 
'4.. Lamp Characteristics 4> 

C. High-Intensity Discharge (HID) Lamps 

1. Mercury-Vapor Lamp Construction 

2. Metal Halide Lamp Construction' 
* 3. Spectral Energy Distribution * 
, £. HID Lamp Characteristics 

D. High-Pressure Sodium Lamps 
1. Lamp Construction 

Z. Spectral' Energy Distribution 
"3, Lamp Characteristics 

E. Low-Pressure Sodium Lamps 

1. .Lamp Construction 

2. Spectral, Energy Distribution 




„3. Lamp Xharacteris 
F. .Comparison of Lamps 
• G. Light Control 
H: _ Summary •".'». 

•VIII.* Efficiency in Illumination Systems 

A. Energy. and Illumination 

1. Energy Requirements v fcrf r Illumination 

2. Cost of. Lighting '• 

B. Improved Utilization of Illumination Energy 



D. 



1 

Z. 

5/ 



Energy Efficiency in Lighting Design 
Efficiency and Use of Light Sources 
Efficiendy of Luminaries 

Thermal -Controlled fluorescent Luminaries * 
Turning lights Off , ' , ^ . • 

6, Use of Daylight ' • . ^ . 

7. - Equipment Maintenance 

Cost of Illumination \ K - 

1. /ncandescent Versus Fluorescent 'for Residential Lighting 

2. Tay-B,ack. fc Costing * * ^ ^ 
Lifetime Costing Z C ^ 

Summary ' 

' it * 




MICROCOMPUTER HARDWARE 



COURSE DESCRIPTION 

This Course provides an introduction to hardware associated with 
microcomputers used in energy-conservation applications. It concentrates 
on interfacing and on input/output electronics. Design of microcomputers 
is covered only to the point of enabling student to pinpoint problems and 
specify systems appropriate for various applications. 

The course begins with an introduction to integrated circuit logic and 
a discussion of common electrical and logical digital interfacing techniques. 
Specific techniques for getting both digital and analog data into and out of 
microcomputers are surveyed. Applications .of these techniques to actual 
control problems are illustrated. Finally, data communication ideas and- 
microcomputer troubleshooting, techniques are covered. c 

PREREQUISITES • ^ * 

The student sh'o£il"d have completed .the course in Microcomputer Operations 
and have the ability to use d.c. instruments and to breadboard integrated 
circuits (IC). 

RECOMMENDED TEXT 7* ^ ■ ' ' 

CORD-deve>oped instructional modules as follows: 

* Student 
„ >. . . Contact Hours/Meek 

^ i ■ \ + ......CJass .Laboratory ■ 



I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 



.MH-01 Digital Components 
MH-02 Semi -Conductor Logic Families 
MH-03* Input/Output Devices and Techniques 
MH-04 Analog/Digital Conversion 
•MH-05 Data Communication 
MH-06 Bus Systems 

MH-07 Troubleshooting Microcomputer 
Components 



4 
4 
4 
4 
4 
5 



4 
4 
4 
4 
4 
5 



COURSE OUTLINE " ■ 

I. ."Digital Components 

A! Changes^and- the Computer's Components ♦ 
B. • Digital* Signals ■ , • 

17" .Gates : s 

. ^ * The; AND gate, the NAND gate^, the NOR gate 
- 2. Exclusive and Non-Exclusive* OR Gates 

3. Addition/Subtraction Circuitry 

4. -Decoders > 

5. Multiplexers - T 
6., Flip- Flaps 

The set-reset flip-flop, the trigger flip-flop, the master 
c • * slave flip-flop, the steerable flip-flop (J-K) , *D-type 

• flip-flops, register, counter's, buffers, ** 
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IL -Semiconductor Logic Families 

A- . Atomic Makeup of Silicon Crystals , v 
. ar . Diodes' 
.C. Transistors 

h TTL Logic Devices 
^•'2; Emitter-Coupled Logic (ECL) 

3- .Integrated Injection Logic (IIL or I 2 L) 
• MOS Technologies 
•1. PMOS. 
, ;2. % mOS *' • 

' 3. CMOS . 
IIL Input/Oytput Devices and Techniques 

A. Iriput/Output Devices and Techniques 
t 1. Parallel/Serial .Transmission 

• : 2. Synchronous/Asynchronous Communication 

* , Regular sampling, asynchronous -communication, synchronous 

communication 

< 3.- Interrupts '/ 

4. I/O Busing L 

5, I/O Hardware 

"6, Switches 9 m c 

7. Display \ 
lH 8. % I/0 Coding 

9. I/O Storage ^vices 
. B, Future Develoftrffen'ts * ' . - 

^•IV'. Analpg/Digital Conversion A " 

^ ■ A- Mechanical Conversion Devices^ , \ 

*' : ^ s B* Electrical Conversion Techniques 
. * 1. • Digital-to Analog Computer • * 

2, Analog-tb-Di'gital Conversion • 

3. Resolution , * \ 
4'. Counter-comparator , . - \ c 
5, Successive. Approximation < ' ^ • 

- , i 6, Simultaneous Conversion 1 *\* " 

• 7, .MicroprocessoV-Conticolled Conversions 

V, Data Communication • \ 

* . A, Channel 5 % \ 

B, . Bandwidths ♦ 




VI . Bus Systems - ' " 1 ' y<"~ 

A, Characteristics of a Bus % * • 
1. Signals r * ^ * * 

. Address lines > data lines, control lines * 
* 2.^ Motherboard 

31^Qomparision of Busing System^ 

B, Timing and Synchronization - / 

C, Bus .Interfacing - * 

1. Bus. Connectors . * 1 - 

» 2. Physical Dimensions' * , , » 
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- 3. Types of Interfacing Bus Systems 

4, Documentation . ^ 

*» • 

VIL Troubleshooting Microcomputer -Components' ° • • /* 

A* Introduction to Troubleshooting Equipment \* * # 
B, Logic Probes- £nd Pulsers 

1, Current Tracer 

2, Logic Clips 3nd Comparators, , 

• 3, Oscilloscopes * s 

4^ Logic Analyzers < , 'J, 

5/ Troubleshooting Techniques. ' 

6, Usi&§ A logic Analyzer 

7, Handling Integrated Circuits 



) ■ 




^{HEATING, VENTILATING AND AIR-CONDITIONING 



COURSE DESCRIPTION 

S <- 

Thisr cpurse is designed to give the student # an overview of heating, * 
v^htilating and air-conditioning systems and' a working knowledge of each 
component and subsystem. .Emphasis. is placed on proper operation and main- 
tenance to achieve maximum system' performance. 

PREREQUISITES <^ 

The student should have completed Unified Technical Concepts, I, II, and 
III ; Mechanical Devices and Systems ; and Electromechanical Devices . 



RECOMMENDED TEXT 

CORD-developed instructional modules as -follows: 



0 




Basic Refrigeration Cacle ^ 
System Types - 
Refrigeration Equipment 
Residential Heating Equipment 
Boilers for Heating Applications 
Piping 

Air-Handling Equipment 
Psych rometirlesr - 



COURSE OUTLINE 



I. Basic Refrigeration Cycle 

A. ( Principles of Refrigeration 
X B." Basjjc Refrigeration Components 
V. / Compressor 

2. Condenser 

3. ' Metehing Device 

4. Evaporator* , # , 

C. Basic Refrigeration System 

D. Pressure-Enthalpy Diagram - 

E. Refrigerant- Properties , 
1 . "Pressure (psja) 

. s. ^ 2. Enthalpy (Btu>lb) 

3. Temperature (°F). 

4. .Specific Volume (ft 3 /lb) 

5. Entropy (Btu/lb/°F) 

6. Percent Vapor 
F { Refrigeration Cycle 

Condensation Line. 
. 2. Evaporation Line 
3. Expansion Line 
, / 4. Compression Line 

5* Ideal'Saturated Cycle 



117 . 

115 



Student 
Contact Hours/Week 
Class Laboratory 



5 * 
5 

5 " 

5 

5 

5 

5 

•5 \ 



.5. 
5 
5 
5 
5 
5 
5 
5 



\ 



If) 



• 6. Actual Operating Cycle-! 

G. Refrigeration System Analysis 

H. • Basic Refrigeration Measurements 

1. *Gage- Manifold J 

2. Use'of tnte Gage Manifold 
Temperature Measurements 

System "Types 

A. All -Air Systems 

1. v Single-Zone Systems 

2. Reheat Systems 

3. Variable-Volume Systems 

4. Dual Duct Systems > 

5. Multi-Zone Systems* 

B. Air-and-Water Systems . • 
All -Water Systems 



V » 



Unitary Systems 

1. Single-Package Um'Js 

2. .Split Systems " 

3. Through-the-Wall Systems 

4. Room Air Conditioners, - 

5. Heat Pumps ** / 



v 



■ ( 



III. Refrigeration Equipment^ t , 
) A. Compressors 

1. Drives 

2. Capacity Control 

B. Heat Rejection Equipment 
— - - — 1» - Air- Coo led Condensers-- 

2. \ Water-Cool gd' Condensers • 

3. Cool i rig Towers 
' „ 4. Evaporative fondens&rs fc 

C. £\&porators 
)! Direct Expansion Coils 

2. Water Chillers ' m 

• D. Metering Devices 

* 1 . -Automatic Expansion" Valve 

2: Thermostatic Expansion Valve 

3. High Pressure Float 0 # 

4. - -tow SWe, Float . * 

» E. Accessorial / . v •* 

, A, 'Oil Separato^\ ^ 
ir % Mufflers - ' 
3. Heat Exchangers 
,4. StraiVier-Drie|*. * 

5. Sight Glass- * • 

F. Controls* 0 : - . . ' " . 

1. Temperature Controls ^ 

2. Pressure Controls ^ 

3. ' System Control 

G. ■ System Configurations 



•4 . 
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H, Absorption Chillers 

1 ♦ Evaporator 4 * . / . 

2. Ahsorber * - . - 

v " 3 V Generator; . • 

4, Condenser * ' ' 

5- * Heat Exchanger and Eductpr m y~ 

ReSidential H'eating Equipment ' 

A, 6larm«Air Furnaces - ^ 

1. Upflovf Forced Warm A4r Furnace 

2. Basement, Forced Warm Air Furnace 

3. Downflow Forced Warm Ai-r. Furnace 

Horizontal Forced Warm A4r>. PoYnace r . 

B; Electric Furnaces*'. > ^ »' 

1/' Heating Element • * 1 /V^ 
m 2. Limit Controls • 

C, fc Oi.l -Fired Furnaces * * • y 1 

!• * Combustion Chamber 

2. Heat Exchanger ? ^ • 

3, Atomizing' Oil Burner ^ v * 

Fan and combustion air adjustment, oilpump, oil nozzle, 
ignition system, flame detector 

D, G e as-Fired Furnaces 

1. Heat Exchanger ' \ •* - 

ir Main Gas Burners ' 

3. Pilot Burners \ 
— 4. • Thermocouple • 
5t; "Gas~ Valve — 7* ~ 



Boile 
A, Bo 



rs for Heating Applications 
oiler. Types 

1. Fire-Tube Boilers * 

2. Water-Tube' Boilers , ' , 
3* Cast Iron Boilers m • 

Scotch Marine toilers , ' ■ 

♦ Pressure 'Vels^l,. „* 4 , m v * ' -\ 

2. Headers and Smoke .Boxes^ . \ 
« 3* Insulation and Jacketing • ' \ 

4 V Water' Controls A 
# 5. Combustion Co^rol * % \ 

C, Burners • , _ • . t 

1 . Combustion Air \ , * 

Natural ^draft,' induced- draft, forced draft. 

2. Mechanical Atomizing* 'Oil .Burners ■ . 
3;. Air or .Steam Atomizing Oil Burners- • 

4, -Horizontal Rotary Oil .Burners 9 * ■ ■ 

5. Gas Burners • * ' 

0. Fuel Trains Controls • ' 

1. Pilot Gas Control 

2. • UL Gas' Control , Y ' 
r 3< ' FM Gas Control * • 

4,. FIA Gas. Control ' • s 

,5- '(Ml Control 



^ t 'E* /Flame Safeguard Systems 



VI. 



VII. 



/I. Infrared Tkrme Detection ' ^ 

2. /* Ultraviolet Flame^Dete^ion 
3« - Flame Rec^tfit&tionrifc ' ' ' 
ComBOstion Control^ *<* / 

; U Turn On * * ; 
/ 2: Turn Off '/ - , , 0 " ; s < 

3. Firing Rate Control - s * ' 

On-off, or}-off , low^fire start," higfi-low, modulating 

piping ' t * 6< 

A. General Piping /Design- * **' ** 

1. Pipe Typfes* ancl ^Applications, ^ 

2. Pipe Supports^ ti -x 

3. Valve Types $nd Applications 

4. Pressure Losses in Valves ^a/id Fittings 

B. Water Piping # ; " s >> 
4« System* Types * *' * * r , - 

2. Pump Connections^. ' * 

3, Pipe and Pump Siting, ^\ ' * > \ 
C Refrigerant Piping ^ v 

*1. Functions of Pipir^hl 
2. Hot Gas Pipe, 
j 3. Liqufd Line , °^ 

' ,4, Suction Line * 1 

5. Multiple Compressor Cbnnections 

6. Refrigerant Pi^e Sizing 
D7 SYeam?Tpfng 1™ ^ 7" 

l!. Piping Connections 
, K 2. Steam Traps. ' * ■ r . ~ * 
- -3, ' System-'Types ■* : 0 v V 

E, Soldering Copper Tubing ^ *• 

F. * Brazing Copper Tublrig;^' • , >• 
\Q.„ Summary , ' *\x • 
lAir-Handling Equipment '■ 

mA. Basic Airflow Principles 
Friction Losses in Ducts 



r 



T 
\ 



-J* 



♦ > 



E* 



Air Fricti on < Charts^ ^ 
'2, Duct Fittings * ? ^ ** 

DUctf Design ' * 
1< Air Velocity 5 ' 

Z. Velocity Reduction Method * : 
3, Equal Fraction Method 
4/ Static Regain Method 
Air Outlets • » , 

1 • % Airflow Patterns ' '* 
2. Outlet Types* '* • 
Fans and Blowers * 
1 • Centrifugal Blowers ' * 
2. Rrppeller Fans • 
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R. Sygtem Applications / ' 

V. Single- Zone Constant Volume , 
Single Zone Variable Volume 

3. ,J1ulti-zone Constant Volume 
; 4. Dual Duct , 

, . . 5. Return Air Systems € ^ 
6. Summary/ - . ~* 

VFIL PsyChrometrnts^ 

A. Definition* of Terms 

B. Elements of the Psychometric Chart 
1.* Dry-Bulb Temperature Lines 

Z: Specific Humidity Lines 

f 3. Saturation Line 

4. Relative Humidity Lines *^ 
- 5. Wet>Bulb Temperature Lines . • 

6. Specific Volume Lines. k - 
/ f m 7. Enthalpy Scale % . . ' 

8. Enthalpy Deviation* Lines • 

9. Sensible Heat Factor Scale 
10. The Completed Chart 

C. Psychrometric Processes 

*1 < Heatincj and Coolincf for Comfort 
# . 2. Calculations / . 

, 3. Air Mixtures: 

D. Plotting a Process on the Psychrometri 
. E« Summary ' 

A ' 
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COURSE DESCR 



ENERGY. CONSERVATION 



ON 



Energy Conservation is designed to give the student technical knowledge 
and specific skills required to perform conservation measures relative to , 
the most common energy uses. The student will learn and utilize the basic 
principles of ertergy conservation and efficiency. « v ^ 

PREREQUISITES ; • % 

Unified Technical Concepts, Energy* Technology, Energy Production Systems 

RECOMMENDED. TEXT % — * ' ' 



CORD-developed instructional modules as follows: 



- ■ ^7 

I. EC-fll Energy .Conservation — An Introduction 
• II. EC-02* Conservation Principles and Efficiency 

Measurements -Space Heating 
III. EC-03 Conservation Principles and Efficiency 

Measurements - Space- Cool ing ' 
IV. EC-04' Conservation* Principles and Efficiency 
Measurements - Hot Water and Steam 
Supply Systems 
V. Efc-05 Conservation Principles and Efficiency 
Measurement? - Illumination- 
'VI. EC-06 Conservation Principles and' Ef/iciency 

— V- ■ * Measurements -- Electric Motors 

VII. " EC-07 Conservation Principles and Efficiency 
* Measurements - Building Construction 

COURSE. OUTLINE^ 

I. Energy Conservation - An 



Student 
Contact Hours/Week 
Class Laboratory 



5- 



A. 



B. 



D. 



[y uonservation - an Introduction 
Availability of Energy Supplies 

1. Necessity of Energy Conservation 

2. Patterns of Energy Conservation 

Laws and regulations, environmental 
effects, costs of energy conservation 

3. Estimation of fuel Consumption, 
Conservation in Energy-Using Equipment. 

1. Heating Cooling, and Ventilating Systems 

2. Hrft Wafer and Steam Systems/ 

3. • Lighting Systems 

4. Industrial Equipment 

Conservation in Building Construction and Use 

1. Sealing of Heat Leaks 

2. Building Construction v 

3. Heating and Cooling Equipment Operation 
Conservation in Transportation » 

1. Choice of Car and Equipment 

2. Maintenance n ' 

3. Driving Habits 
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Conservation Principles and Efficiency Measurement's - 
Space Heating -■ r 

A. - Central' Building Control ' 4 * 

B. Structure of Seating Systems 

CT The Energy Survey ^ , s 

D/ Improved Furrrace Operation • 

1. Improvement of Combustion Efficiency 

Reduction^of heat, losses, proper" 
•sizing of 'heating. systems, j^ue gas 
damper, estimate of savings$rrom 
furnacd improvement ' 

2. Control of Outdoor Air 

Reduce minimum oufdoor air, low 
leakage dampers; reduction of ventila- 
tion during unoccupied periods, control 
of exhaust air, estimate of savings 
from, outside $ir control ' 
Improved yea ting Coil Operation . ' 

1. Reset of, Hot Deck Temperature 

2. "Zone Qptimizatioft f * ' '< 

3. t . Estimate** of savings ffon^. Improved Heating 
. Coil' Operatioa; ■ ' (> * r , 

*F. Control of Fan Operation ' : % ' t; 

' 1. Duty Cycling of Fans ' V 
2.- Equipment Scheduling - V 

Individual^ Room Control 
-- — li- Lowering Thermoktat Set'point % - — ™ 
* 2. Reducing Temj^a-tfure During Occupied Periods 
^3. ■ Separating Heating and Cooling Setpqirfts 
4* Converting from/Vonstant-Air-Volume to 
, ' Variable-Air-Volume 1 * ' s 

. 5. Estimating Savings From, Individual Room 
% Control — 

Conservation Principles and Efficiency Measurentents-- 
Space Coojing \^ 

A. , Fundamental Considerations of Space 'Cooling 
*' 1. Humidity ' \ 

* N • Dew point, hygrometer ,< psychrometrfc . 
V, chart 

' 2$ Jotal. Heat Content . .„ 

3.. * Refrigerants, » ' 

4". Coefficient of ^Performance 
5. Cooling Effect Measurements • 

B. Structure of Cooling Systems 

C. Energy Survey for Cooing < 
D % Methods of Cbnserving Energy 

1. Control ,qf the Chiller Operation 
Reduction bf, the" compressor head,' isola- 
tion W off-line chillers, chill er"*sequenc 
ing and 'control , spot 'gooI ing 

2. Reduction of Building Heat Load 

A 

■ . > .. ■ 
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; * Reduction of solar heat gain' through 

windows, reduction of heafgain through the 
'* roof, reduction of internal heat load 

3- Use-of Outddor Air for Cooling. % ' 

4. 'Control of *he Cooling Coils*' 

( Reset of cotfckdeck temperature "(or 

\ enthalpy), zon^^^t^imizationrsavings from 

impr6ved cooling .coil operation 

? 5. .Control of Jhe^Saas- — ^r - ^ \ v i 

Duty-CK-Hntp^ equipment schedul ing 

savings from fan control 

. v 6, Individual Roorff Control . ' 

Raising the cooling thermostat' setpoint, . 

-separating heatlrjg and coolinq setpoints, 

* conversion from constant-air-volume to 

variabl e-ai r-vol ume , 
• ■*• • 

IV'r Conservation Principles and -Efficiency Measurements - 
• ' Hot Water and Steam Supply Systems . 

Hot Water and Steam* Supply Systems *l 

1. Hot Water Systems * 

2. Steam Systems 

B. Types of, Heat Upss - a 

1/ Conduction , ' * < 

2\ Convection * 

3: Radiation - * . \ 

C. Pressure and Fl^w_Measuj^ment • _ 

D/ Energy Suryey for Steam afid 'Hot Water Supply Systems 

E. Methbds of Reducing .Enerjgy^ Consumption in Hot 'Water 

- and Steam Supply Systems J , • 

- 1. Reducing the Consumption t>,f Hot Water or Steam 
2, Reducing Losses in the System. % ' * 

3.. Increasing the Efficiency of the System ■ 
~~ % F. Measurement Devices * . % 

V* \ Conservation Principles ,and Efficiency Measurements- 
Illumination . • 

A. Consequences of Overillumination 

B. Light. Sources" 

. 1. Incandescent Lamps s N j B 

2.- Fluorescent Lamps' . 
3. . Mercury Arc Lamps « 

- 4. Sodium Vapor Lamps . * 
Ci Eff icierlcles of Lamps 4 

" D, Energy Survey for I TJjyhi nation 
E/ Energy Conservation Methods 'for Illumination 

1. 'Reducing Illumination Levels 

2. ' Improving lighting Facilities ' 1 

■: 1 3- Chancing Lamp Type > ' ' • \ 

, ' -4. Changing Lighting Patterns 

5. Using Waste Heat From Lighting 

F. Measurements of Illumination * 




Conservation Principles and iff ictency Measurements 
Eleatric Motors 

A. "An Introduction to Conservation of. Electrical Power 

B. * Power Consumption 

1. Actual Power ' x 

2. Apparent Power*. x 

3. Reactive Tower * ■ 

4. Power Factor 
Si -Effects of Low Power 
6. Measurement of Power 

* 7. Correction of Low Power Factor 

Capacitor banks, switched capacitors, 
synchronous tnotors * 
8. ' Energy Survey for Electric Motors and Electric 
Powell Usage ; • ~ * * 

C. Conservation Improvements - Electric Motors 

1. Improvement of Operation v 
_."_RegyJar inspection and maintenance, 

•Control of peak demand by rescheduling, 

. selection of continuous production processes • 

2. Improvement of Equipment ' . 

Changing oversized motors, installing higher 
voltage sys'tems, replacing worn or inefficient 
motors, improving heat removal - 
Electrical Power Management 

1. De-Energizin<pE?quipment 

2. Reducing Pfeak Loads 

3. improving Power Factor u * 

Conservation Principles and Efficiency Measurements' - 
Building Construction j 

A. Energy Conservation in ' Building -Con struct iqn- 

B. Heat Exchange Between a Building and Its Surroundings 

C. En^gy Survey for Building Construction 

D. Qesign Considerations for Reduction of Energy Loss 
for New Buildings * 

1. Choice of §ite and. Orientation of Building 

2. \ Choice of Materials * % 

3. : Adequate Insulation > J 

4. Inclusion of .a Vapor Barrier 

5. f Ventilation * 

6. ' Earth-Sheltered Design 
m 7. Choice of Windows 

8. Proper Sizing of Heating System * * 

9. Recovery of Waste Heat 
10.. Flue Dampers 1 

' 11. Automaied Control of Heating and Cooling ! 

12. .Color of .Roof • 
, 13/ Thermal Storage 

14. Utilization of Solar Energy 
, ff>. Heat Pumps* * 

16. Reduction of Energy Loss -.Retrof itj'n Existing 
. Buildings * • N 



j 



17. 1 Caulking and , Weathers$Hpping 

18. 'Adding Storm Doors ♦ \ 

19. Adding a Vestibule ' J 

20. Adding &• Windbreak 

21. Adding Storm' Windows or Additional Glazing 

22. Adding Insulation : 

23. Adding Automatic Controls 

Z4. Adding Awnings and Other Shading Devices 
25* Adding Flue Dampers 

26. - Resizing the Heating System 

27. Maintaining Heating Systems 

28. Adding Solar Energy Equipment 

E. Specific Techniques for Energy Conservation in 
Existing Buildings 

1. Window Lqss * * - 

Combination storm windows; single^pahe 
■storm windows, plastic sheets, draperies 
bl inds, and shades 

2. Heat Loss Through Walls, and Ceilings' 

Insulating with batt? or blankets, 
"insulating with rigid board, insulating. 

with loose fill, insulating with foam, 
, adding more. insulation • 

3. Infiltration * 

Caulking, tteatherstripping, installing - 
storm doors, 

F. Advanced Techniques to Measure Energy Loss From 
Buildings • * 

< 1. Infrared Scanning Devices 
2. Blower Doors 
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FLUID POWER SYSTEMS 



COURSE DESCRIPTION c ' 

Fluid Power Systems is designed to give the student an OverView of 
fluid power technology and a working knowledge of each bf the components 
used in fluid power circuits. Hydraulic and pneumatic systems wiTl be 
discus£&4 with emphasis placed on troubleshooting and maintenance procedure? 
involved in each- Topics presented will include fundamentals of fluid 
dynamics; conventional fluid circuits and fluid power components, 

.PREREQUISITES , • 

" The student should have completed one semester of algebra and one 
semester of technical physics, 



Student 
Contact Hours/lfeek 
Class Laboratory 



RECOMMENDED TEXT 

CORD-developed instructional modules as follows: 



I.. 


FL-01 Introduction and Fundamental of- 








Fltfid Power 


3 


3 


II. 


FL-02 Fluid -Power Properties and 








Characteristics 


3 


S 


III. 


FL->03 .fluid Storage, Conditioning,' and 








Maintenance 


•4 , 


4 


iv.; 


FL-04 Pumps and Compressors 


4 


4 


• V. 


FL-05 Actuators and Fluid Motors 


4 . 


4 


VI. 


FL-06 Fluid Distribution/ and Control Devices 


4 


4 


VII. 


FL-07 Fluid Circuit's / 


4 


4 


VIII. 


FL-08 Troubleshooting Fluid Circuits 


4 


4 



' COURSE OUTLINE 

L Introduction and Fundamentals of Fluid Power , 

A. Introduction to Fluid Power 

L Background and Applications of Fluid Power 

2. Advantages and Disadvantages of Fluid Power 
' J * , 3, Advantages 

4. Disadvantages 

B. Basic Fluid Power Systems * 

1. Hydraulic Systems , ' 
Pneumatic Systems 

eview of Physics Fundamentals 

Forms of Energy 
2* Forde and Pressure 

3. Work\Dohe By A Fluid 

4. Power ih Fluid Power Systems 
D. Basic Principles of Fluid Behavior 

The Continuity E.quatiiffi 

2, Bernoulli 's Theorem * 
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3. 'Torricelli 's Th^rrem 

4. Gas Laws 
E. Basic Fluid Circuits arid Symbols 

1. ^Hydraulic Circuit 
o 2. Pneumatic Circuit 

* F. Summary 

II, Fluid Power Properties and Characteristics 

A. Properties of Hydraulic Fluids \ 
l ; ^*VT$cosity M ^ 

* 2.> Viscosity Ir 

3. Lubricating Ability 

4. Rust andf Corrosion Prevention , . 

5. Oxi'datic^ Stability 

—-6. Demulsibility I 
7. Resistance to Foaming 

* * 8. Flash and Fire Points 

9. Specific Gravity * 

B. . Types of Hydraulic Fluids 

* 1. * Water *■ 

2. Petroleum Oil§ 4 • 
3-^Water-Oil Emulsions 
4. ^ter- Glycol Fluids 
J5* Synthetic Fluids 

C. Maintenance of Hydraulic Oils 

D. Replacing, Hydraulic Oil 

E. Properties -of Pneumatic Fluids 1 

F. Summary 

III. Fluid Storage* Conditioning, and Maintenance 

A. <\Reseryoirs ancf Tanks 

JCr^ttydraulic Reservoirs 

2/ Pneumatic 'Tanks - * , 

B. Temperature Control 

1. Cooling ^Hydraulic Systems 

2, Cooling' in Pneumatic Systems 

C. Filters and Strainers ^ ' ' 
1. Types of Hydraulic Filters 

"2. Location of Hydraulic Filters 
- ~ 3. Pneumatic Filters * 

4. Air. Pressure Regulators 

5. Air-Line Lubricators * 

6. .FRL Units 

D. Sealing -Devices ^ 

1. Compression Packings . 

2. O-Rings . , * 

3. V- Rings 

4. Piston Cup Packings - 

5. Piston Rings # * 
.6. Wiper Rings 

• 7; Seal Materials 

E. Summary * 



V 





IV. Pumps and Compressors 

s A. Theory of Pumps' 
/ 1. Posi ti ve-Di spl acement Pumps * 

2. Characteristics of Positjive-Displacertient Liquifl Pumps* 

3. Nonpositive-Displacement Pumps 
B: Hydraulic Pumps 

1. Vane Pumps 

2. Piston Pumps 

3. Selection of Hydraulic Pumps 

4. Pump Maintenance - % «ft 

C. Pressure Boosters; v i , 

D. Air Compressors N > 

1. Reciprocating Compressors 

2. Rotary Compressors ' 
. 3, Compressor Maintenance 

E. Vacuum Pumps 

K Summary ^ 

f. Actuators and Fluid Motors 

A, Fluid Power Actuators 
1. Construction' of Hydraulic Cylinders 

^ 2. Cylinder Operating Characteristics 
3- Construction of Air Cylinders 

4. Mounting and Application of Cylinders 

5. • Special Cylinder Types 

• 6. Rotary Actuators 

7. Causes of Cylinder Failure 

8. Cylinder Maintenance 

B, Fluid Motors 

1. .Hydraulic Motor Types 

2. Hydraulic Motor Performance 

3. Kir Motors 

C, Summary 

VL Fluid Distribution and Control Devices 

A. Accumulators _ 

1. Accumulator Types - 

2. Accumulator Applications 
3« Accumulator 'Maintenance • 

B. Pressure Intensifies _ 

C. Fluid Conductors and Connectors 
L Rigid Pipes 

2, Semirigid Tubing 

3, Flexible Hoses 

4, Plastjc Tubing 
Q. Fluid Control Devices J 

1. Directional Control /valves 

2. Servo Valves J 

3. Pressure Control Valves 

• 4. Flow Control Valves % 

5, Other Control Devices * 

D. Summary 
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VI L Fluid Circuits 

A, /Fluid Power Symbols . ' • f . 

B, Basic -Hydraulic, Circuits 
1, Cylinder Circuits 

0 2. - Motor Circuits ' 

3, Speed Control , 4 \ 
, C, Basic Pneumatic Circuits 

1, .Cylinder Circuits 
\ ^Motor Circuits * 

* 3, -Speed Control . \ 

Multi-Pressure Circuits ■ ^ 
' D'. ^Synchronous Motion 

„ 1.. Hydraulic Cylinders In Series 

2, Fluid Motors as Synchronizers 

3, Air Cylinders 
*\4. Hydralilic Motors 

E. Actuator Spe 

1. Pneumatid Circuits 

2. Hydraulic! Circuits 

F. Energy Efficiency in Hydraulic Circuits 
1. Pum^lJnloAding * 

, * 2. Double-Punlp Hydraiiric Systems . * 

3. Use of Accumulators to Improve System Efficiency. 
"4^ Use of Accumulators in High-Low Circuits 

* Summary 

ft ' - , 

•HI. Troubleshooting Fluid Circuits 
Av Maintenance and Troubleshooting in Fluid rower SystemV* 

1. Causes of Failure . ? * 

Dirt, heat, nvriappli cation, improper fluids or poor 
fluid maintenance, faulty installation, poor maintenance 
improperly designed circuits • N ^ 

2. Symptoms of Failure 
Troubleshooting Hydraulic Circuits 

1. Measuring Equipment * * 

2. Troubleshooting Procedures * 1 

C, Troubleshoo't>ng Pneumatic Circuits ' 

D, ■ Safety Considerations 

i. Safety Circuits • 
2* Safety Procedures and Regulations 
Ei Summary , 
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ENERGY A'UDITS . 

COURSE DESCRIPTION 

4 

' This course /provides an overview of the purpose, objectiverjand mechanics 
of the- energy audit process* Full background and procedural instructions> 
5 precqde case studies and laboratory practice in auditing. Finally, audit ' 
analysres are undertaken, with student recommending remedial actions based 
on analyses of his or her practice aurdits. 

PREREQUISITES ' * 

Energy Conservation ■ . 



RECOMMENDED TEXT 



I. 

41^ 



CORD-developed instructional jnodules as follows: 



EA-01 Total Energy Management 
-^ EA - 02 El e m e nts of an En ^gy-Au44^ 



III* EA-03 Energy Audit "Procedures and Analyses 

IV. EA-04 Building Systems 

V. EA-05 Lighting Systems ^ 

VI. EA-06* Auditing HVAC Systems - Part I 

VII. EA-Oy'Auditing HVAC Systems - Part II 

VIII. EA-08 Autfil iary Equipment SystenflJ 

IX. EA-09 Process Energy Systems 

X\ EA-10 Applications of Solar Energy 



COURSE OUTLINE 



Student 
Contact Hours/Week 
Uapss CaborTOpy 

^ 2 4 

—2 4 



2 
2 
2 
2 
2 
2 
2 
2 



L * Totarl Energy Management 

A. Total Energy Management and the Energy Audit 

1. The Energy Audit 

2. Types of Audits 

Walk-through audits, mini-audits, maxi- 
audits 

3. Other Benefits of. Energy Conservation 

B. Basic Concepts of Total Energy Management 
1: Fundamental Building Systems 

Energized systems, non-energized systems, 
human systems 
2. System Interaction 

Erid r use restriction, efficiency in 
^ operation, system efficiency 

C. Building System Interaction 

D. Energy^Use Characteristics 
j 1. Schools. 

2. 'Hospitals 

3. Publ ic Buildings ' 

• -3. Long-Term Public Care Facilities- 
» 4. Commercial Buildings 

5. Residences 



4 
4 
4 
4 
4 
4 
4 
4 
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6. Industrial Applications 
Understanding Energy Billings 
1. Bill Charges 

Energy 9 customer-related, demand, 



3. .low Power Factor Penalty 
f > 4. Time^of Djay . v . v 

5. Ratchet Rate 
; F. Determining How Much Energy is Used 
^ 6. Developing. Energy Consumption Data 

II. Elements of an Energy Audit V k 

A. The Energy Audit* ' ' .v 

B. Performing the Eftergy Audit; 

C. Energy Auditing," Instruments* 

D. Infrared Thermography 

v E, Energy Saving Potential 



1. Conservation Opportunities While Heating 



Buildings * 

2. Cooling 
— 3. Lighting 

4. Domestic Hot Water 

F. Calculating Simple Payback * 

G. . Life 7 Cycle. Costing ••. 

III. Energy Audit' Procedures- and Analyses 

A. The Energy Auditing Process 

B. Types of Energy Audits , 
• 1.- W^lJ^p^ough -Audits 

3. Olaxi -Audits 

4. Computer Simulation Models f*?^ 
*C. Performing* the Energy Audit 

~D. Building Profile S 

1. General . Information 

^ * 2. Population Density alid Analysis by' 
Department 

3. Construction 

4. Meters \ 

5. Equipment 

6. Data Collection 

E. Fuel and Utility Bills * >-^. 

F. "Equipment Survey: Connected Load for Each 
|t Fuel Type 

G. Building Survey * * 

■ H. AuditoK Energy Conservation Programs and 
Total Enerijy Management 
|T 1. Maintenance and Operational Changes 

2. Simple Payback 

3. Priority Ranking' of Measures 
* 4. Implementing Energy Measures 

5. Total Energy Management 



2. Load Factor 




132 



130 



-TV. Building* Systems • 9 - * : 

. A. Building Systems:* Total Energy Maria gement 
< 1. The Energy Audit » * 

2. Conservation Opportunities . * 
B.' Infiltration arid Exfi-1 tration 

1. Building Exteriors _ * « 

. - 2. Stack' Effect i 

3. m Caulking and Weather Stripping 

4. " Storm Windows 

C* Solar Heat Gain • d ' ^ 

1. Orientation ( 

, 2* Exterior Shading v 
3. Internal Shading' * " * . m ' . 
4;- Window Glass Treatments 
y Df Heat Loss through Windows 

• i. U Value \[ # * s 

2. i^an gadiant temperature s 

E. ' Heat Flow Through Walls, Roof, and Floors 

? 1. -R Value and' q Value ^ ~ 

2. \ Insulation ^ / 
Exterior Facing, Interior Facing / 
Roof Insulation, Floor* Insulation ' 

F. Internal Heat Flow' 

1. Air Leakage 

0 2} Conductive. Heat Flow 
£♦ Conclusions • 

* V. ' Lighting Systems * , . v 

A. Lighting Systems : Modification^ and" 
Requirements 

B. Lamp Types ' - - 

' 1. Incandescent Lamps , , , 

R-Lamps, PAR lamps, ER lamps 

2. Fluorescent Lamps 

3. H»igh Intensity Discharge (HID) Lamps.^ 

Mercury lamps, metal halide lamps, . 
Sodium lamps 

C. Energy Conservation Opportunities 

1. .Usage Pattern Modifications i v 
^ Program consideration, program options 

2. Work Station Moch'f ications 

3. Maintenance Considerati<flfr 

4. Illumination Level Modifications 

Reducing lighting levels, lampmodifica 
tions, luminaire modifications 
*^ 5. Control .Modifications 

£. Heat-of -Light Recovery Systems , 

D. Summary . # 
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VL Auditing HVAC Systems^- Part I • • , , 

A*/ HVAC and Building Energy Use 
BfC General HVAC° Systems Description- and Modifisa-- 
1 tion Suggestions 

1, Single Zone System A 
~ 2, Multi-Zone System 
\y _ 3. Terminal 'Reheat System 1 / 1 

</ - A. Variable Air Volume System 

5; Constant Volume System « - ^ * 
6 1 Induction" Systems , , ^T- 
7., Dual Duct Systems. 
< <"\8. "Fan Coil System _ . • 

*° C "Heating apa Ventilation - • *• 

1. r Bull ding Heat Load , * * 

2. Distribution System Loads J" 
Distribution- systems 

3. „ Primary Energy Conversion Equipment 

4. \ Heating Equipment: Maintenahce 
_ , Guidelines * 

' * Self-contained systems/ t • 

Vllg Auditing HVAC Systems - Part II - ,* ' 
' jg A. Cooling and Ventilation:^ Reducing* . * 
v Ene/gy Consumption - ■ * 

• 1. Building Cooling Load ' 

2. Distribution System Loads % ^ 

3. Primary Energy* Conversion Equipment 
s * B. Energy Conservation Opportunities 

VI I L Auxiliary Equipment Systems 

A. Auxiliary Fuflttions- 1 * 

B. * Domestic' Hot Water 1 - 

* C. General Considerations " i4 - * > 

1. Average Use .* • ° 

2. Average Temperatures 

3. Generation and* Storage s 
v ^ 4, Distribution • 

D. Energy Conservation -'Opportunity < • 
1. Domestic Hot Water Temperatures % m 

| 2. Hot Water Cons&mption f 
^ 3. Storage and Distribution Systems , 
^ Efficiency %^ 

Piping insulation, insulation 
of hot .water storage tanks 

4. .Hot Water Generation' ■** * 

E. Elevators and Escalators 

1. Ele'vators t \ 
2 % Escalators • 
' F. /Kitchens and Cafeterias 

G. Laundries 

H. Computer Facilities* 

I. Miscellaneous Equipment . . 
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Process Energy Systems > 
/T. Auditing Process Energy ' 
"Baking Ovens . 

1. Basic' Oven Types 

Convective ovens, radiant .ovens, 

2. Modes of Oven Heating, • 

• Qirect-f jred, indirect-fired^ 
electric, microwave * 
3- * Operational Control 
« 4. Heat Balance 

C. Energy Conservation - Evaluation of Scope 
i l. Moisiure Into the Oven 

2. Combustion Efficiency 
_ 3. Exhaust Heat Loss 

4. Ratiiatfon fronj Oven Gasing 

5. Band Heat Losses 4 
6* Atmospheric Burner Systems 
7.* Combustion Air Requirements 

D. Hearth, Furnaces - Elements of Furnace 
Construction 

J E. Direct.-Fired Heaters 

' 1. Econoiny'and Efficiency , , " ■ 
2. Industrial Furance Efficiencies* . , • 
•3. Heat- Losses^ 
\ , 4. Furnace* Draft and Pressure t' 
. 5- Stack Gas Losses ( 

Preheating cold charge preheating 
combustion air or fuel,, waste-heat 
' boilers u 
- t 6. Fuel Saving in Open-Hearth Furnaces 

Applications of Solar- Energy 

A- AUernative'ResourceS: Historic ancj," V 

Economic Perspective " v \ • • * * 
B/ Application of Solar. Energy " . 

C. Solar Collectors "and Existing Heat Systems 
: 1. CW&jjwj and Dehumidif ication 

2. Regenerating Desiccants .with Solar Heat 

3. Estimated, Costs 

D. » Active SbJar Systems 

1. The' Heating Process 

^ Hardware, storage, controls, 
✓ antifre'eze protection 

2. -Air and Liquid Systems ^ 
3.. Domestic Hot Water Generation 

4. Space Heating and Cooling 
Passive Solar Energy Systems 

1. Requirements and Characteristics 

2. Direct Gain Systems 
}. Indirect Gain Sy<&ems 
4, Attached* Greenhouse 

5^ Roof Ponds - • * 

6-* Isolated Gain Systems * 



135 



■ T . . o 

t , INSTRUMENTATION AND CONTROLS 

COURSE DESCRIPTION . 

Instrumentation and Controls is designed to provide the student with 
practical knowledge and- skill s in the specification, use and calibration 
of measuring devices and the principles and applications of automatic control 
processes. The course stresses the integration. of knowledge gained in pre- 
vious courses- through the detailed Examination of -control systems for elec- 
trical power prdduction, heating, air conditioning and manufacturing.. 

PREREQUISITES . * * 1 ' 

< . Unified Technical Concepts, Mechanical Devices and Systems, Fluid Power 
Systems, and Electronic Devices and Systems* * ^ 



Student 
Contact Hours/Week 
Class Laboratory 



RECOMMENDED TEXT 

CORD-developed instructional "modules as follows: 



I. IC-01 Principles of Process Control 3 3 
II . IC-02 Instruments for Fluid Measurements - 

Pressure~and Level * ' a 

III. IC-03* Fluid Flow Measurement * • J. J 

IV& IC-04 Instruments lor Temperature Measurement — 4 4 

V> IC-05 Instruments for Mechanical Measuremen£ . 4 4 

VI. IC-06 Pneumatic Controls - i - } 

VII. , IC-07 Automatic Control Systems*. . - -J 4 

VIII. IC-0,8 Boiler an'd Other Special Control Systems 3 • 3" 



COURSE OUTLINE - > ' * . 

I. Principles of Process Control , * 
,A. Instrumentation and Control: The-Concept 

1. Open-Loop Control * ^ 

2. CI osedrLoop Control 

3. Negative Feedback in the Control System 
* , B. Valve Operation and Fail -Safe'Conditions 

C. Controller Action 

D. r Valve\and Controller Selection : 
E:. Proces^Dynramics - Capacity Versus 

9 -Capacitance 

F.' Pressure\Control A . cf ^ * * 

6. Dead<Time\and Lag Time 

- ' II. Instruments for Fluid Measurements - Pressure • >g * 

and Level , * ■ * y £ 

A.- Cont^oV Qua»lflty*of the System * U 

1. Measurement Theory * 

2. Accuracy c * 

3. Pfes£ure Measurement - - * 

4 0 ^U gfc/id Manometers " V 

S^Reference. Values for Pressure 
^ Measurement 



136 



B- 



Bourdon tubes 
..pressure elemi 
gages, ^ 
6. Cal ibration of Pn 

* Gages 
Liquid Level Measureme 
1, Float-Operated De' 
Heaci-Type (or Pre 
Capacitance Devic4 ! ! 
Conductance Electrades 



nd" pressure elements, 
ts, diaphragm, strain 



2. 
3. 
4. 
5. 
6. 
7. 



sure Transmitters and 

<*. < • 

ts . 
ces - 

ure) Devices ■ 




III. 




luid 



2. 
3. 



4\ 



5. 



6: 



ucers 

e, venturi tubes, 
target meters, 
ations 

tap* locations* pipe 
p locations, flange 



i eta 



rection 



\ 



iv: 



Ultrasonic Detect 
Radiation Detecto 
DispTacers 

Fluid Flow .Measurement 
Ai Flow Rate £alcula.tic 
Ba Velocity of Flowing 

C. m Head Flow Measurement 

1, Calculation* Principles 
Flow Equations 
Differentjal Prij 

Orifice pie 
flow nozzle 
Pressure Tap U 
• " Vena* con1 
or full fj 
tap locatj 
Viscosity Cor 

Turbulent and laminar flow 
Practical Coils iterations * 

Applications of jjead flow meters 

D. , Nop-Head-Type Fffow Meters 
> 1. Turbine Flew Meters 

2\ Magnetic F^ow .Meters 
3. Ultrasonic Fl^w Meter 

Instruments for Temperatyre' Measurement" 
-A, Temperature 'Scales 

Temperature Measurement 
1/ Electrical Temperature Transducers 

Thermocouples, thermocouple applica- 
tions, iread-out device (millivolt 
measurenfertt) , thermcQQple reference , 
junction compensation, special^thermo- 
^couple application^ 
Re si stance -Temperature. Devices (RTD) 
Optical Temperature Measurement * 
Mechanical temperature Transducers 
'1. *Fi;lfed Irhermal Systems 

Capillary tubes of the filled system, 
eryor and compensation in the system 

2. Bimetallic Elements 



-B. 



2T. 
3. 



C. 
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X. 



Instruments for Mechanical Measurement 

A, Control Practices - % - • < 

B. Transducers and Transmitters 
1, Motion Detectorsls- Linear 

Linear potentiometer - A linear 
- motion to electrical transducer^, 
linear motion variable inductor, 
# i * linear variable differential trans- * 

former (LVDT), variable capatitance 
for linear movement ' - 

Motion Detectors - Rotary 

Rotary potentiometers, rotary variable 
differential transformer' (RVBT) , 
synchro systems* flyball govslmor 




3. Velocity Measurement 7 Rotary 

Tachometers * ; 

C. Force Sensors * 
1* Strain Gage 1 

2. Piezoelectric Costal 

D. Proximity and Limit Detectors 

1, >Contact-Type Proximity Detectors 

2: Nbn?ontact-TVpe Proximity Detectors 

E. Applications V 

Pneumatic Controls ' \ • , 

A, . .Pneumatic Transmitters - Force Balance Type 
% f 1. Flapper Nozzle V * . 

Relay, feedback ' V 

2. Force Balance Differential Pressure 
Transmitter ' " • I 

B. Pneumatic Controller^ — Rorj:e Balance Type 

1. Proportional Control Mode 

2. Proportional Plus Reset Contrdl 

• 3. Proportional -PI us-Deri vattve Control . 

4. Controller Action 

5. Controller Specifications 



C. Motion- Balance Pneiimatic Instruments 



D. Signal Transducers- 
1. Current-to-Pressure Transducers 
'2^ Pnsssure-to-Cqrrent Transducers 

E. \General Applications of Pneumatic .Instruments 

1. Transmission Lag / 

2. Volume Boasters . / 

3. Valve Positioners **/ , , 

F. Conclusion / 1 

Automatic Control S^steffls / 

A. Closed-Loop Controls Vs./ Open-Loop Controls - 

1. Closed Loop or Automatic Feedback Control 
and Control Models ../ 

2. On-Off Control . 
v 3. Proportional Control t 
, Proportional- output and gain 




4 



B. 



C. 



Troportional Control Application 

4. Reset Control J 

5. Derivative Control 

Process Dynamics- and Control Mode Selection 

1. Proqess Reaction to„a Step Change 

— ^-pwcess-gain^dead time _ . . 

2. Jransmitter 'Gafn % H 

3. Loop Gain . V . 



2.' 
3. 



Controller Tuning 

1. Controller Tuning by Step Analysis 
Control Mode Settings by- the Ziegler- 
Nichols Method 
Control Quality Evaluation 

VIII. Boiler and Other Special Control, Systems 

A. Control Quality „ 

B. Cascade Control j, 

1. Need for Cascade Control 

2. Cascade Control Theory 
3.. Operation of a Cascade Control* System 
Ratio Control^ 

Theory Aad Design of Ratio Control System 
Feedforward Control 
BoiletM^ontrol & 



D. 
I. 

F. 




Boiler Control Theory 



Need for special control considerations, 

ustion air control, drum level and 
feedwater control , dual fuel* control 

2, Water Tube Drum Boiler 

3. Control System for a Drum Boiler 

Air and fuel control, dual .fuel control,- 
drum level and feedwater control, feecK 
back trim control , of air-Fuel ratio,/ 
safety shutdown procedures and comtt^itfps. 



< 4- 
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CODES AND REGULATIONS 



COURSE DESCRIPTION 

This course should be designed to provide the technician with a tjasic 
understand iny of the labyrinth of codes and regulations imposed upon each 
area of responsibility. The. subject matter should not only familiarize the 
student with many 'national codes, but should also instruct the student in 
how state and local codes can be found and used. 

PREREQUISITES • 

Fundamentals of Electricity and Electronics, Electrical Power and 
Illumination Systems, and Heating, Ventilation and Air Conditioning. 

RECOMMENDED TEXT v i 

Standard Building Codes . Standard Plumkf^jodes , Standard Gas- Codes , 
and Standard Mechanical Codes , from Southern Suflding Code Congress, Inter- 
national, Birmlingham, Alabama 



COURSE OUTLINE 

I. Regulating Agencies 

A. National 

B. State — 

C. Local v 

.II. Building Codes 

A. Electrical 

B. HVAC 

C. Plumbing 

D. Structural 

1. Methods 

2. Materials 

E. Health and Safety 



III. Industrial Codes 

A. Building Codes 

B. Pollution-Control Standards 

C. Health and Safety * * 

IV. Service Establishment Codes ? 

A. Restaurants 

B. HofPl s -Motels-Apartments 

C. Schools - - * 

D. Hospitals 

V. Codes in Research and High Technologies 

A. Laboratory Safety 

B. Radiation Protection / 

1. Nuclear j ' *> 

2. Optical I . 
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APPENDIX E 



SAMPLE LETTER AND SURVEY INSTRUMENT^ 



/ 
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SUBJECT: SURVEY OF NEEDS-ENERGY TECHNICIANS 



Gent! emen : 



A few moments of your time can provldg^yalu^ble assistance* to efforts 
by Utah Technical College at Provo/Orem in anticipating needs for 
graduate technicians with employable skills in energy occupations 
(conyersion, utilization and conservation as well as research and 
development). ■ * 

Results of data obtained in this survey will be" used to determVoe 
a realistic pciture of needs in public and private sectors within 
our service region. " 

Please take time to complete the attached brief questionnaire and 
drop it in the return mail. Your response wi]l be confidential, but 
the collective results/ of the survey will be available to you if you 
are interested. \ 

Thank you for your continuing support and your special assistance 
in this assessment effort: \ 



incerely yours, 



ABCrpt 

* 

Enclosure: "Survey, of Nea 
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SURVEY OF NEEOS 

The purpose of this Survey of Needs Is to determine future needs for certain Kinds of em- 
ployees with technical training beTow the bachelor's degree levfcl. 
✓ • • 

~~ — Modern equipment used~in homes, businesses, inst1tut1ons~and factories has 

become more, complex. It typically consists of systems utilizing combinations ,of 
mechanical, electrical, thermal, fluid and/or optical components, and frequently 
these systems are controlled by electronic computers or microprocessors. In addi- 
tion to the technical specialists who currently are Employed, we ha,ve been advised, 
that a growing need exists for at/^ejnj -o^ue/tfed -tecfoucuuu * who possess combina- 
tions of skills and abilities, and can apply this interdisciplinary training in 
jobs to develop, construct, test, operate, maintain, Install or sell modern 
equipment. Many of these jobs are related, either directly or Indirectly, to our 
country's increasing emphasis on conservation arid more efficient uses of energy. 

Please answer these few questions. - 

1. Name of your organization _] * 

2. Product or service offered 



3. Approximate total employment in your organization 



a. Dees your organization employ graduates of vocational -technical schools or community 
colleges to construct, fabricate, operate, maintain, install or sell equipment or- 
systems that involve any two or more of the following technical areas? 

Mechanics. Fluids. 

• « <• 

Electronics. Thermodynamics. 

Optics. Computers. □ Yes I I No , \ 

b. If your answer Js "yes," please estimate the number of these employees you ^owTaveT" 



5. ' a. Oo y ou pla n to hire technicians with interdisciplinary training in the next few years? 

fi Yes jflNo 

b. , If your answer Is "yes," then, including attrition and new positions, how many such 
technical employees do you expect to hire by 1983? > . 

6. Who fn your organization could best identify the specific tasks performed by your techical 
employees? 

Name : Title 

Address 



Telephone 



*Typicai ly, these employees might be engaged in: 

I) Energy use-and-conservat1on management (or auditing). 
«?j Power plant or energy conversion equipment. operation. 

3r\ Research and development work (supporting an engineer or scientist In laboratory 
or field Investigations* of physical and chemical phenomena using sophisticated 
instrumentation for measuring physical parameters). 

4) Maintenance of production equipment, plant equipment, or buildings. 

5) Sales, distribution and/or installation of equipment or systems. ^ 

6) Other job .categories requiring crosstralning In two or more technical specialties. 

Tnank you f or y our participation., If you would like to have the analyzed results of this survey 
check here ( j. 

v 

This form has been completed by 



Name 



Title 2 5 
Telephone ' *' ; 



Us^reverse side for additional comments. 



■ 144 



141 



• APPENDIX F 
LIBRARY REFERENCES ANO PERIODICALS 

BOOKS 



Abrams, Marshall 0. and Stein, Phillip G. Computer Hardware and Soft ware. Reading, MA:* Add1 son- 
Wesley, 1973." . " 

Ay Conditioning and Refrigeration Institute. Refrigeration and A1r Conditioning . Englewood 
Cliffs, NJ: Prent1ce-Hall, Inc.,' 1979. : ~ 

Air Quality Criteria for Hydrocarbons . U.S. Oept. of HEW, NAPCA Publication No. AP-64. 
Washington, O.C.: U.S. Government Printing Office, 1970. 

Afr Quality Criteria for Particulate Matter . U.S. Oept. of HEW, NAPCA Publication No. AP-51. 
Washington, O.C.: U.S. Government Printing Office, 1969. 

Air Quality Criteria for Sulfur Oxides . U.S. Oept. of HEW, NAPCA Publication No. AP-50. 
Washington, O.C.: U.S. Government Printing Office, 1969. 

Albrecht, 8ob; Flnkel , leroy; and Brown, Jerald R.. BASIC for Home Computers . New York: John 
Wiley 4 Sons, Inc., 1978. f : ~ 

Alden, J. I. and Icane, J.M. Oesign of Industrial Exhaust Systems . 4th ed. New York: Industrial 
Press, Inc., 1970. 

Alerich, Walter U. Electric Motor Control . New York: Van Nostr^nd Relnhold Co.,' 1975. 

Althouse, Andrew 0.; Turnqulst-, Carl H,; and Bracciano, Alfred F. Modern Refrigeration and Air 
# Conditioning : Homewood, IL: The Goodheart-Wllcox Company, Inc., 1979. 

AMCA Fan Application Manual . Arlington Heights, II: A1r Moving and Conditioning Association. 

American Chemical Society. Cleaning our Environment: The Chemical Basis for Action .* Washington, 
P.C.: American Chemical Society. 

American *das Association. Maintenance Tips That Will Help Conserve Erfergy and Improve Your Food 
Service Operation . Cat. *R0}023. 7 

Anderson, Edwin P. Electric Motors . Indianapolis* IN: Theodore Audel and Co.,^969., 

Anderson, Norman A. Instrumentation for Process Measurement an d Control. 2nd ed. Philadelphia, 
PA: Chilton Co., Hit. : . - 

Andrews, Oeborah and Bllckle, Margaret. Technical Writing-: Principles a nd -Forms. New York: 
Macmillan Publishing Co., 1978, \ \ Z 

An Introduction to CP/M,Featers and Facilities . Digital Research ,Corp. 

AridsaleTXT? The Wanlcel RC Engine . New York: A.S. Barney and Company, 1969. ' 



Arnold^ Lionel K. Introduction to Plastics . Ames, IA: Iowa State University Press, 1968. 

Aryes, £. and Scar]e.tt, C.A. Energy Sources - The Wealth of the World . New York: McGraw-Hill 
Book Co., Inc., 1952. ! ~ ~ rf 

V 



ASHRAE. Design and Evaluation Criteria forjnergy Conservation in New^Buil dings . New York: ^ 



American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc., 1974. 



ASHRAE Handbook arid Product 01 rectory: Applications Volume . New York: American Society 
of Heating, Refrigerating^ an.d A1r Conditioning Engineers, Inc., 1978. 

ASHRAE Handbook and Product Directory: Equipment Volume . New York: American Society 
of Seating, Refrigerating, and Air Conditioning Engineers, Inc., 1979. 

h ASHRAlS Handbook and Product 01 rectory : * Fundamentals Volume . New York: American Society 
or Heating), Refrigerating, and Air Conditioning Engineers, Inc., 1977. • 



Heating*, Refrigerating, and A1r Conditioning Engineers, Inc. 

. ASHRAE Handbook and Product Directory: Systems Volume , New York: American Society- 

of Heating, Refrigerating, and Air Conditioning engineers, Inc., 1976. 

Atteberry, Pat H. Power Mechanics . Homewood, IL: The Gofidheart-Wfll'cox Co., Inc., 1968 . ^ 



147 



Babcock and Wilcox Co. Steam, Its Generation and Use . New York: The Babcock and Wilcox Co., 
1972. 

Bablts, George F. Applied Thermodynamics . Boston: -Allyn and Bacon, Inc., 196B. 

Sarna, Arpad and Porat, Oan I. Introduction to Microcomputers and Microprocessor . New York: 
John Wiley and Sons, 1976. 

Baron, Robert C. and P 1 c c 1 r i 11 i , A 1 be rTti DTgTta PLoglc "ancT C : oinput e r~6pe ra t 1 ion s . New York: 
McGraw-Hill Book Company, 1967. 

Baron, S.L. Manual of Energy Saving in Existing 3ui1dings and Plants, Vol. tl, Facility Modifications . 
Englewood Cliffs, NJ-: Prent1ce-Hal 1 , Inc., 197B. 

Bartee, Thomas C. Digital Computer Fundamentals . New York: McGraw-Hill Book Company, 1971. 

Bartok, W. et al. Systems Study of Nitrogen Oxide Control Methods for Stationary Sources . 
2 (November 1969). - 

BASIC User's Manual . Cambridge, MA: TERC. ^ 

Bateson, Robert* E. Introduction to Control System Technology . 2nd ed. Columbus, OH: Charles 
£. Merrill Publishing Co., 1980. ' 

Bafrmeister, T^, ed. Mark 4 s Standard Handbook for Mechanical Engineers : New York: McGraw-Hill 
Book Co., 197B. ; " 7 

Bearing Technical Journal . 3rd ed. Indianapolis: FMC Corporation* Bearing Division, 1977. 

Beckman, etal. Solar Heating Design . New York: Wiley Interscience, 1977. 

Beiser, Arthur. Modern Technical Physics . 3rd ed. Menlo Park t CA: The Benjamin/Gumming s 
Publishing Company, Inc., 1979, * 

Bell, Leonard. Digital Concepts . Beaverton, Oregon: Tektronix, Inc., 196B. 

Berger, J.R. Control Valve Compendium . Pittsburgh: Instrument Society of America, 1973. 

Blbbero, Robert J. Microprocessors In Instruments and Control ., New York: John Wiley and Sons, 
Inc., 1977. ■ : *~~> 

Blka^s, Norbert M. , ed. Adhesion and Bonding . New York: John Wiley & Sons, Inc., 1971 

v * ft 

Boes, E.C. and Others. Availability of Direct, Total, and Diffused Solar Radiation to Fixed and 
Tracking Collectors in the USA" Sandia Laboratories Energy Report, SNAD 77-885. Albuquerque, 
W: Sandia Laboratories, 1977. 

Bonne, V.; Patani, A.; Lestle, C; and DeWerth, O.W. Oynamic Computer and Laboratory Simulations H 
of Gas Fired Central Heating and Systems . Montrtaux, Switzerland: Proceedings of International 
Symposium on Simulation Modeling and Decision in Energy Systems. June 19-21, 1979. 

Boschmann, Erwin and Wells, Norman. Studies in Chemistry . Dubuque, IA: Kendall/Hunt Publishing , 
Company, 1976. ^ 

Bosich, Joseph ?\ Corrosion Prevention for Practicing Engineers . ^Sw^York: Barnes and Noble t 

: Inc.. 19 70. • a , _ L , . 

< • i 

Boylestad, Robert and Nashelsky, Louis. Electronic Devices and Circuit Theory . Englewood Cliffs, 
NJ: Prentice-Hall Publ 1sh1ng Co. , ,1978^ : 5 

Brewer, Allen F. Effective Lubrication . Huntington, NY: Robert KMeger Publishing Co., 1972. 

Brown, Theodore, L. Energy and the Environment . Columbus, OHf: Charles E. Merrill Publishing 
Co., 1971. - 

Burns, David and F1nk, Lowell H. Transmission Lines . Scranton, PA: Intext, Inc., 1976. 

Burton and Oexter. "Analog Oevlces," Microprocessor Sy s t ems » Handbook . Norwood, MA: 1977. 

Bunnell, Charles H. Diesel Engine Operation ,__Ma1ntenance and Repair . New York: John Wiley 

and Sons, Inc. , 1930. 

Butler, G. and Ison, H.C.K, Corrosion and Its Prevention 1n Waters. New York: Reinhold Publishing 
Corp., 1966. " " ~~ 



Cagle, Charles V. Adhesive Bonding Techniques and Applications , New York: McGraw-Hill Book 
Co., 1968. ~ 7 ' 

Campbell, John S. Improve Your Technical Communication . Los v Angeles: GSE Publications, 1976. 

Carmichael, C, ed. Kent's Mechanical Engineers Handbook . Design and Production. New York: 
_ John Wiley and Sons, Inc., 1975. . r 

Carrier Air Conditioning Co, Carrier Systems Design Manual, Part 3: Piping D esign. Syracuse, 
NY >^ Carrier Corp., 1973. ~ *~ 

. Handbook of Air Conditioning System Design . NY: McGraw-Hill Book Co., 1965. ' / 

Caxton, Foster. Microcomputer Programming: The 6502 . Reading, MA: Addrson-Wesley Publishing 
Company, 1978. 1 _ 

Chang, S.S.L. Energy Conversion . Englewood Cliffs. NJ: Prentice-Ha.ll , Inc., 1963. 

Cherlm, Stanley M. Chemistry fdr Laboratory Technicians . Philadelphia, PA: W.8. Saunders 
Company, 1971. 

Cn *» S.W. Heat Pipe Theory jnd Practice . Washington: Hemisphere Publishing Corporation, 1976. 

'Citizens' Advisory Committee/ on Environmental Quality. Energy in "Sol id Wasta — A Citizen Guide 
• to Saving . Washington, D.C.: U.S., Government Printing Office, 1975. 

Citizens' Workshop on Energy and the Environment Handbook . Washington", D.C.: U.S. Department 
' . of Energy. . . • 

Cohen, Robert. "Ocean Thermal Energy Conversion." In Energy and Man: Technical and Social 
' Aspects of Energy , edited by M. Granger Morton. New York: IEEE Press, 1975. 

'CtflUns, T. Solar Energy:, Four Sites Demonstrate Potential IEEE Spectrum . (April 1979)., 

Colorado State University and the University of Wisconsin. Design and Construction of a Residential 
Solar Heating and Cooling System . Washington, D.C: National Science Foundation, Report 
No. r*Sft/ftAfih/s£/GS-4045i/PR/74/2. , ¥ 

Commonwealth Edison Company. Power Plant Electrical Fundamentals . Commonwealth Edison Co., 1979. 

Compilation of Air Pollutant Emission Factors .* Revised. ^/S. Environmental' Protection Agency, 
Office of Air Porgrams, Publication No. AP-42. Washington, D.C: U.S. Government Printing 
Office, 1972. a § > 

Considine, Douglas M.-ed.^ Energy Technology Handbook . New York: McGraw-Hill Book Co., 1977 v 

Control Techn1gue> for Particulate Air Pollutants . U'.!$. Dept. of HEW, NAPCA Publication, No. AP-51. 
t Washington, D.C: U.S. Government Printing Office, 1969. 

Control Techniques for Sulfur Oxide Air "Pollutants . IT,S. Dept* of HEW, NAPCA Publication No. 
AP-52. Washington^ D:C: U.S. Government Printing Office, 1969. 

Cook, Earl., Man, Energy, Society . San Francisco, CA: W.H. Freeman and Company, 1976. 

CP/M Assembler (ASM) User's Guide . Digital Research Conp. , 



Creating Energy Choices for the Future . Washington, D.C:' United States .Energy Research and 
Development Administration. 7 ' * 

Croome-Gale, Derek J. and Roberts, irian M. Air Conditioning and Ventilation of 8uildings . 
New York: Pergamon Press, 1975. ' • 7" * : 

'Crosby, Edward G. and Kock1&> Stephen N. Practical Guide to Plastics Appl ications. 'Boston: 
. Chaners Books, 1972. ' ~ 

.* * » 

D78 Dodge Engineering Catalog . Mlshawaka, IN; Dodge Division, Reliance Electric^ 1977. 

Daniel*, FarMngton. Direct Use of the Sun's Energy . New Haven: Yale, 1964. 

Davenport, W1 VI 1am P. Modern Data Communication: Concepts. Language, and Media . Ng*.York: 
Hayden Book Company, Inc\, 1971.-; 7 T 5 

Davies, Clive. Calculations in Furnace Technology . London: Pergamon Press, 1966. 

Oavies, D.W., et al. Computer Networks and TheirVrotocol s . Chichester: John Wiley & Sonsj 
.Inc., 1979. : \~ ^ 




V 



Degler, Howard E'. Diesel Engines: Theory and Design . Chicago: Amencan^Technical Society, 

1943, " % " ; rf • 

D^artmeni of Energy. "Fact Sheet: Oil Shale Technology." Information . Washington, D.C.: 
U.S. Government Printing Office, 1978. ^ 

Diamond Catalogue #U35; Indianapol is; Diamond Chain Company, 1977. 

Doll, Dixon R. 'Data Communications: *Eacf1 ities, Networks, and Systems Design . New York: John 
Wiley & Sons, Inc., 1978. . " ' 

Dorf, R.C. Energy, Resources and Policy . Menlo Park, CA: Addi son-Wesley Publishing Company, 

. 1978. . . . ^ 

Drago, Russell S. and Matwiyoff, Nichojas A. Acids and Bases . Boston, MA: D.C. Heath and Co., 
1968. . _ . 

. Drive Design . Akron, OH: B.F. Goodrich, Engineered Systems Division. 

Dublin, F.S.; Mindell, H.L; and Bloome, S. How to Save Energy and Cut'Costs in Existing Industrial 
and Commercial Buildings . Park Ridge, NJ: Noyes Data Corp., 1976 i 

Dubl in-Mindell -Bloome Associates. "Specifications of Solar Collectors for the Federal Office 
Building, Manchester, New Hampshire." Boston: General Services Administration. 

Dudley, D.W. Gear Handbook .- New York*: McGraw-Hill Book Company, 1962. 

Dwyer and Critchf iejd-.- BASIC and the Personal Computer . Reading, MA: Addi son -Wesley Publishing 
Company, 1979. £ 4 * 



Advise 

t 



The Economy, Energy, and the Environment ; a background study prepared for the use of the Joint 
I Economic Committee, Congress of the United States, September 1970*, Washington, D.C: 
U.S. Government Printing Office, 1970. ) 

ED: A Context Editor for the CP/M Disk System . Digital ^Search Corp. 

Educational Services, Inc^ Jhis is Electronics: * Circuits and Applications . Indianapol is^ IN: 
Howard W. Sams and Co., Inc., 1970. - . . 

Slantca, Stephen Michael. Standard Plant Operators' 1 Manual . 2nd ed. New York:^McGraw-Hill Book- 
Company, 1£75 » » " \ 

Emswiler, J.E. and Schwarts, F.L. Thermodynamics , flew York; McGraw-)iil] Book Company, Inc., 

1943. •• o , •■ . * ■ 

^gergy Conservation Program Guide for'Industry and Commerce , Supplement *1. Washington, D.Q.- 
^. IT.S. J)epart|ient of Commerce, 1975.. " * 

^Enecgy Conservation with Cdmfort . 2nd ed. Minneapolis, MN: Honeywell, Inc., 1979. 

Energy: CriticaJ Choices .Ahead . Wasfiington^D.C. : U.S. Department of Commerce, *0ff ice of (Energy 
Programs, 1975.^1? ~ * . v 



-tngrgy-Qtrt look; -j9 ?M99 0 . ^€xxo n C o m pa ny , Janua r y" t9??~. ~ 

Environmental Quality . The First Annual Report % of The ComiciT on Environmental Quality. Washington 

D.C: U.S. Government, Printing Office; 197Q. . "^^V* * ■ * 

Erickson, William H. and Bryant"; Nejson H. . Electrfcal Engineering.- Theory and Practice . New 

York: John Wiley and Sons, InCV, 1965. 

Esposito, Anthony. Fluid Power with Aopl ic&tflons . Ena^ewood CI iff s, NJ: Pretntice-Hal 1 , Inc\, 
19B0 . . . ~ . 

Evairs, Charles H.' Electronic Amplifiers . Albany, NY: Del mar Publ ishfng Co. , 1979. 
Faber/I 

ns, Inc., IT&T* " ~T ~ 

ismission Units . Service Catalog No. 21. 3rd ed.. New 



r,' Rodney B. AopHetftsElectridty and Electronics for Technology . New York: John Wiley and 
Sons, Inc., 1978. ^ v - ~T r ~ ^ 

Fafnir Bearings: Ball Bearings « ?&zr Transmission Units * Service 
' ^Brijjain, CT: Fafnir,Bearing Division of Textron, Inc., r966 . 



Faires, Virgil Moring.^ Aopfied The^ 8 dynamtos> Otew York: The* MJcKil 1 a« Company, 1949. 
Fear, David E.~ Technical Communications- . GKn v i e w t I L : ~~Sco '£t* Foresman and Company, .1977. , 



150 

146 * ' 



^ Fieser, L.F. and Fieser, M. Introduction to Organic Chemistry .Breton: D.C. Heath and Co., 1957. 

Fink, Donald 6., Editor-in-Ch-ief . Standard Handbook for Electri cal Engineers. 10th ed. New^ 
York: McGraw-Hill* Book Co., 1965: T a ~ f - 

Fisher, J.C Energy Crimes 1n Perspective . New York: John Wiley & Sons, Inc., 1974. 

Fitzgerald, A.E. and Kingsby, Charles, Or. Electric Machinery . New York:- .McGraw-Hill Book Co * 
Inc., 1952. * 

Flores, Ivan. Computer logic . Englewood CI Iff s, NJ:* Prentice-Hall ,. Inc. , 1960. 

Flow of 'Fluid Through Valves, Fittings, „and Pipes . "Chicago, IL: Crane Co., 1974." * 

Floyd, Thomas L. Digital Logic Fundamentals . Columbus, OH: Charles E. Merrill Publishing Co. 
(A Bell and Howell- Company;, 1977. 

Foster, A.L. and Wright, R.L. Basic Nuclear Engineering . "Boston: Allyn and Bacon, Inc., 1972. 

Foster, Caxton.t Microcomputer Programming: The 6&2 . Reading, MA: Addison-Wesley Putfc ishing 
Company. 7 ' » ' 

Fowler, John M. Energy and the Environment . New York: McGraw-Hill, Inc.;, 1975. ^ 

l ^ // FACTSH££T: New Fue * s FrQm Coal * Washington, DX*: National ^Science Teachers Association, 

Freeman, Roger L. Telecommunication Transmission Handbook . New York: John Wiley & Sons, Inc., 
1975. . * v , 

Fundamental s of 'Commercial and Industrial Lighting . N.W^Itashington, D.C: The Electrification 
Council, 1977. " 

Fundamentals' of Service: Belts and Chains . Moline,- IL: 'Deere & Company, 1971. 

Gardner, Hershal . Handbook of Solid State Troubleshooting . Res'ton, VA: Reston Publishing Co . 
Inc., 1976. t t * . 

Gartinann, Hans, ed. De LS^al Engineering Andbook? \3rd ed: New York: ^McGraw-HilJ, Book Co., 

Garvey,|Gerfld. . Energy, Ecology, Economy/ Newyork: W.W. Norton iCo., Inc., 1972. * 

- Gates, 4&*n Key. Guide to the Use of Books and Libraries ; 8ew York: McGraw-Hill Book Company, 
* 1979. " 

Gatts, Robert R*; MaSsey /Robert G.; and R6bertson, John.C Energy Conservation Program for 

Industry an d Commerce . Washington, D.C; U.S. Government Printing Offke, 1$74, ^ 

General Electric Company. Final Report of the Solar Heating Experiment on the Grover Cleveland 
. ^ SchooK Boston, Mass. Washington, D.C:. National Science Foundation, fteport No.- NSF7RANN/ 

G^rr igh, Howard. Transistor Electronics . South Holland, IL: Goodheart-Witcox, 1969. 

Gerrish, Howard H. and Dugger, William E.^Jr. Transistor Electronic^ South Holland, IL: ,Ihe . 
Goodheart-Jtflcox Co., Inc:, 1979. A : ~ — ^ 

GilT-, Paul W.; Smith, James H., Jr.; and Zuirys, Eugene J. Internal Combusti on Engines. Annapolis. 
Md: United States Naval Institute, 1969. 

Gilmore, Cnarlos M. Beginner's Guide to Microprocessors . Blue Ridge Summit, PA: Tab "'Books, 
197 7 . ^ 

Gitman, Lawrence J, Principles of Managerial Finance , 2nd ed.. New York: Harper and Row, 1979. 

Givone, Donald 0. and Roesser, Robert. p; Microprocessor/Microcompute rs:- An' Introduction. 
New York; McGraw-Hill Book Co., 1980" * : 

Goldish, Dorothy M^ 8as1c Mathematics for Beginning Chemistry . New. York: tfacMfllan P.ubl ishing 
Co., Inc., 1975. — 

• -\ i 

Gordon, Howard and Meador, Roy. Perspectives on the Energy Crisis . Ann Arbor, MI: Ann Arbor 
Science Publishing, Inc*, 19JT. 

Grant, Eugene L. and Ireson, W. Grant. Principles of ^Engineering Economy . ' 5th ed New York- 
The Ronald Press 'Company* 1970. ~" ~~ 



151 



ERIC y % 147 




s 



Griffin, Jr. ^ Rodger W. Modem Organic Chemistry . New York: McGraw-Hill Book Co., 1969. i 

"Guidelines for Energy Conservation." Total Energy Management: A Practical Handbook on 
Energy Conservation and Management': Lighting.; Washington, O.C.: U.S. Department of 
Energy . 

Guidelines for Saving Energy in Existing Buildings:- Building- Owners and Operators-Manual, ECM U 

U.S. Dept. "of Commerce, 1975. (NTIS PB*249928.) : 

* ' *■ _ 

Guidelines for Saving Energy in Existing Buildings: Engineers, Architects, and Operators Manual , 
ECM 2 . U.S. Dept. of Conferee, 197$. (NTIS PB-249929.) 

Gunther, Saymond C\ Lubrication . Philadelphia: Ghil ton Book Co. , 1971.' 

Hal If Douglas V. Microprocessors and Digital Systems New York: McGraw-Hill, Inc., 1980. 

The Handbook of Laboratory Safety . Cleveland, OH: Chemical Rubber Co. 

~ - y w v 

Hanna, Melvin. Foundation Studies in General Chemistry . Menlo Park, CA: W.A. Benjamin, Inc., 

1976. V 
Hardison, Thomas B. Fluid Mechanics for Technicians . Reston, VA: Reston Publishing Co.^ 1977. 

Hart, A.B/ and Womack, G.J. Fuel Cells - Theory and Application* . London: Chapman and Ha 1-1 , 
Ltd., 1967. 



i cat ions/. 



"Health Factors on Safe Handling of Chemicals. " Safety Guide SG-1 Washington, O.C.: Manufacturing 
Chemists' Association, Inc., 1960. 

Heathkit Learning Publications. Oigital Techniques . 1st ed. Benton Harbor, MI: Heath Company* 
1978. 

. Electronic Circuits . 1st ed. Benton Harbor, MI: Heatb Company, 1978. 

\^Hecht, Selig. Explaining the Atom ., New York: Viking Press, Inc., 1954. 

Heister, N.K. and Tangney, CA. RenewabTe Energy Sources ; Stanford Research Institute -Report 
Number 563. Menlo Park, CA: Stanford Research Institute, 1975. & 

Helms, Ronald N. Illumination Engineering for Energy Efficient Luminous Environments . Englewood 
Cliffs, NJ: Prentice-Hall, Inc., 1980. 

Higgins, R.A. Materials for the Engineering Technician . London: The English Universities Press, 
Ltd., 1972.^ 

Highsmith, P.E.'and Howard, A.S. Adventures 1n Physics . Philadelphia: W.B. Saunders Co., 1972. 

Hill, Richard F. Energy Technology V - Challenges to Technology . Washington, O.C.: Government 
Institute, Inc., 1978. 

Hi rschhprn,» Howard H. Writing for Science, Industry, and Technology . New York: 0. Van Nostrand 
Co., 1980. 

Hirschhorn, J. Dynamics of Machinery New York: Barnes and Noble, Inc., 1967. 

Honeywell, Inc. Energy Conservation with Comfort . Minneapolis, W: Honeywell, Inc., 1979. 

Hottel, H.C. aricl Howard," J. B. New Energy Technology . Cambridge, MAr MIT Press, 197*1. 

Mourmanesh, Mohsen.. Natural Energy Sources and Passive Energy Systems in Architecture . Unpublished 
Dissertation. College Station, IX: Texas A & M University, 1979. \ ~ 

HOusley, Trevor. Data Communications and Teleprocessing Systems . Englewood Cliffs, NJ: Prentice- 
Hall, Inc., 1979. 

Howell, Ronald H., and Sauer, Harry J., Jr. Environmental Control Principles . New York: American 
Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc., 1978. 

Hunter, Ronald P. Automated Process Control Systems, Concepts. and Hardware . Englewood Cliffs, 
NJ: Prentice-Hall, Inc., 1978. 7 

Hutch isdn , w.J. ISA Handbook of Control Valves . Pittsburgh: Instrument Society of America, 
1973. - 



152 



IES Lighting^Handbook . New York: Illuminating Engineerin9*Society. 

Industrial Air Fans and Air Moving Equipment , Amelia, OH: Industrial Air, Inc., 1978. 

Industrial Orives Catalogue. Cleveland, OH: Eaton Corooration, Industrial Orives Operations, *w 
1978. . • * ;> * ^ 



"In-Plant Electrical Distribution -r A" Special Report Power . James O'Ciannon ,-*d,- New Yorku 
- 1965. i * * — - 



"The Installation, Operation and Maintenance of Orive Chains." Bulletin #59126R. Milwaukee: 
Rexnwtf, Inc. 

Instructio ns for Energy Auditors, Vol. I . Springfield, VA: NTIS, Sept. 1978. ~(66e/CS-0041/12. ) 

Instructions for Energy Auditors, frol . IJ . Springfield, VA: NTIS, Sept: 1978. (00E/CS-0041/13. ) 

Instrumenta tion Training Course , -tal. 1, "Pneumatic Instruments." Howard W. Sam* Technical Staff, 
ed. Indianapolis, IN: Howard W. Sajns 4 Co., 1978. . * 



In .the Ban k ... or Up the Chimney . | Stock Number 023-000-00411-9. Washington, O.C.; Superintendent 
of Oocuments, U.S. Government -Printing Office, 1977. 

' I * ^ 

Jenn.ings, B.H. Environmental Engineering . ^Scranton. PA* International Textbook Co., 1970. 

Johnson,- Curtis 0. Process Control Instrumentation Technology . New York: John Wiley & Sons, 
1977. | 

^ Just, J. and Love, I. "Review of Scenarios for Future U.S. Energy Use," Annual Review of Energy. 

Hollander, J.M., ed. Palo AltoJ CA: Annual Reviews, Inc., 1979. 



Kash, 0. OUr Energy Future . University of Oklahoma Press, 1977. ? 

Katz, Irving. Adhesive Material s'; Tlaeir Properties and Usage . Long Beach, CA: ^Foster Publishing 
_ Co., 197U_g. I ; 

Kershaw* John 0./ Digital Electronics: Logic and Systems . North Scituate, MA: Ouxbury Press, 
1976.. U / 

KIM-1 User's Manual . NorristoW, PA: M0S Technology* 1977. 

King, Guy R. Modern Refrigeration Practice . |New York*; McGraw-Hill 8qok Company, 1971. 

Klare,. George R. The Measurement of fleadabiUty . Ames, IA: Iowa State University Press, 1963. 

Kruger, P. "Geothermal Energy/," Annual > Review* of £nergfr , Hollander, J.M., ed. Palo Alto: 
CA: Annual Reviews, Inc*, 1976. \ 

KDo, Franklin F., ed. Computer Communications! Networks . Englewood CTiffs, NJ: Prentice-Hall. 
Inc., 1973, J ' ' — — - — 

Langley, Billy C. Refrigeration and Air Conditioning Reston, VA* foston Publishing Company, 
Inc., 1978. " r 

Lannon, JohtvM. Technical/ Writing . Boston.: Little, Brown and Co., 1979. " 

~taire~des, Oaniel N. et al./ Encyclopedia of Energy . New York: McGraw-Hill, Inc., 1976. „- 

larsen, et al. The 8ugbooks . E &-L Instruments, 1975. • " - 

Lemons, Wayne. Learn Electronics Through Troubleshooting . Indianapolis, IN: Howard W. Sams 
and Co., Inc., 19/7. 

Lenk, Johji 0. Handbook of Basic Electronic Troubleshooting . Engl ewood Cliffs, NJ: Prentice*- 
. Hall, Inc,, 1979. ~* 

Handbook of Practical Microcomputer Troubleshooting . Reston, VA: Reston! Publ Ishing 
1979. \" • — 1 



Co., Inc. 

Lent, 0, Analysis and Oesign of Mechanisms . Englewood Cliffs, NJ: Prentice-Htfff , Inc., 1970. 

Lesea, A. and Saks, R. Microprocessor Interfacing Techniques . 8erkeley, CA: Sybex, Inc., 1977* 

^ Leventhal , Lance A. Introduction to Microprocessors: Software. Har dware. Prodpanming. Englewood 
Cliffs, NJ: Prentice-Hall, inc., 1978. ■ ~~ * 



ih 



Lewitt, E.hT Thermodynamics Applied to Heat Engines . London: Sir I-saac Pitman and Sons, Utd.," * 

, .»». — 77 ; % . — 

Lighting : ' Washington, D.C.: U.S. .Department of Energy. «. 
"Our Energy Problems and Solutions." Walvery, PA: Energy Conservation Research, 
tin, "WerrC; — ffl c r oproces wsT — Furrdarcentals and Applications' . IEEE Press, 1977: " 
link-Belt Chains and. Sprockets (for DHvA&onveyors, and Elevators . Indianapolis: FMC Corporation, 
Chain Dlviston, *1976. \ *v „ 



Liptak, Bella G. Instrumentation in the Processing Industries . Philadelphia: Chilton Book. Company, 

1973. - , • 
Loper, Orla E. and Ahr, Arthur F. Introduction to Electricity and Electronics . Albany, NY: Delmac— 

Publishers, 1973 J ' 
Lovins, A.B. "Soft Energy Technologies," Annual Review of Energy . Hollander, J.M., ed. Palo. 

Alto, CA: Annual Reviews,* Inc. , 1978. v • 

Lyons, J.L. and Ashalnd, C.L. Lyons Encyclopedia of'valves . New York: Van Nostrand Reinhold 

Co., 1975. ~ # a, • * _ 

V 

inking Cents of. Your Energy Dollar . Vol. i. U.S. Department 0/ Energy, as adapted by the State 
of Colorado, 1979. 

Maloney, Timothy J. 'industrial Solid-State Electronics - Devices and Systems . Englewood CI iffs, - 

NJ: Prentice-Hal 1 ? Inc., 1979. — " 

Manual of Energy Saving in Existing Buildings and Plants . ■ Baron, S.L" r , ed. Ejiglewood CI iff s , » 
~~ NJl Prentice-Hall, Inc., 1978. " 

Marks' Standard Handbook" for Mechanical Engineers . 8th ed. Baumeister," Theodore, ed. New York: 
• McGraw-Hill Book Co., 1978. ^ ^ 

Martin, E.J. and Hitt , R.D. Mine Drainage Resea/ch Program bf the Federal Water Pollution Control * 
Administration, Reprints of Papers presented before the Second Symposium on Coal Mine Drainage 
Research, Mellon Institute, May 14-15, 1968, Pittsburgh, PA. _ 

Mazna. Edward. - The Pa-ssive Solar Energy Book . Emmaus, PA: Rodale Press, 1979. 

McConnell , -Campbell R. ' Economics . New York: McGraw-Hill Book Company, 1975. 

McDonald, William C, ed. Power Transmission Handbook- . Julian J. Jackson Publ ications,* Inc. , 
1968. ^ . 

McGlynn, Daniel R. Microprocessors: Technology, Architecture, and Appl ications . New- York: " 

John Wiley 4 Sons, Inc., 1976. ~ h 0 ~ 
Mechanical Engineers Handbook . John E. Kaufman, ed. 'New* York: Illuminating* Engineerfng Society.. 
The Merck Index. 9th e d. Rahway , 1<jT~^e1 : drand.Cp. , Inc. , 1976. V - rf 



Metal Finishing Guidebook and Directory . 47 Annyal Edition. . New Jersey: Metals and Plastics 
Publications, Inc., I979 4 . 

-Meyer, Eugene. Chemistry of .Hazardous Materials . Englewood Cliffs, Njl Prentice-Hall, Inc., 
1977. 

Miller, Gary M. Handbook of Electronic Communication . Englewood Cliffs, NJ: Prentice-Hall,, 
Inc., 1979. . . " . - '■ 

Miller, /ftex and Culpepper, /Fred W., Jr. Electricity and Electronics . / North Tonawanda, NY: Radiation 
Publishing Corporation ,^ 1967. 

Mills, Gordon H.^and Walter, John A. Technical Writing . 4th ed* 
' and Winston, 1978. ; 

Minlveil Air Curtain Systems . Newcastle, PA: Bemer International Corporation, 1978. 

Mitchell, III. W. and Turner, Stanley Z.. Breeder Reactors . United States Atomic Energy Commission, 

»; . . : 

..odern Chemical Technology . Washington, *D. C. : American Chemical Society, 1973. 

Monroe, Alan H. and Ehninger, Douglas. Principles of Speech Communications, Seventh Brtef Edition . 
Glenview, IL: "Scott, Foresman and Ccmoany, 1974. " J 



>nics . North Tonawanda, NY: R 
^^vf York: 'Hoi t, Rinehart, 



154 



4 



t 



- ■• 7 



Morris, O.N. (Rand Corporation)- "Future Energy Demand and Its Effect on the Environment, w 

a report prepared for The National Science Foundation. September 1973. 
Morrison, R.T. and Boyd, R.N. Organic Chemistry . Boston: Allyn and Bacon, Inc., 1966.- 

.MOS Technology, Inc. MCS6500 Microcomputer Family Hardware Manual . Norrlstown, PA: MOS • 
Technology, Inc., 1976. 

fMullIn, Ray C; Electrical Wiring - Residential Albany, NY: Delmar Publishing, 1678. 




\ 



National Electric Code, 1978 Edition . Boston, MA: , National F1re"Protect1on Association, 1978:—^ 

National Semiconductor Corporatldn. Linear Applications Handbook 2 . Santa Clara,, CA: National 
v .Semiconductor Corporation, 1976. < . " 

Nationwide Inventory of Air Pollutant Emissions 1968 . U.S. Dept. of HEW, NAPCA* Publ 1oat1on No. 
AP-73. Washington, D.C.; U.S. Government Printing Office, 1970. 

Nelson, Carl A. Millwrights and Mechan1cs,Gu1de . 2nd ed. Indianapolis: Theodore Audel &Co.. 

J1972. 

cNelson, C. Wesley. Commercial and Industrial Refrigeration . New York: McGraw-Hill 'Book Company, 

Neuenswander, J.R. Modern Power Systems . New York: Harper and Row, 1971. 

Norman, C; Ault, E.; and Zarobasky^I. Fundamentals ~6f fccfri^u^sTgg: New York: The MacMillan 
i Company, latest edition. • ^ 

-North-^we ri ca n ConW stw^ndb{)ofr, — OeveUn^^— 4ne North American Manufacturing Company , 1965.. 

Nuckolls, -James U Interior Lighting for Environment Designers . 'New York: John Wiley and -Sons", 

Odum, Howard T. Environment, Power, and Society * New York: W1ley-tntersc1ence, 1971. ' 

Ogdin, Can*! Anne. Microcomputer Management arfd Programming . EnOlewoOd Cliffs, NJ: Prentice- 
JJall, Inc\, 198(3. \ * 

O'Keffe, John and Whitteker,. J.K. "A1r Conditioning and Ventilation," Standard Handbook for 
- Mechanical Engineers . T* Baumelster, ed.""- New York: McGraw-Hill Book Co*; 1967. ' 

0"1 in, Water €. -et aU Writing That Works: 'How to Write Effectively on the Job . New York: 
St. Martin's Press, 1980. , \ * i ' ; 

Osborne,? WilDfam C. Fans . ' Oxford. England: ^ Per^amon" Press, »1966. • 

Ostwald, Phil 1 Jp F., Cost Estimating for Engineering and Managemen t. Englewood Cliffs; NJ: 
* Prentice-.Hall, Inc., 1974. ~ 

Pauley, Steven E. Technical Report Writing Tadav . 2nd ,ed. Boston: Houghton* Miff Tin Company , 
1979. * r~ ' ' * - a 

Paulipg, i. Nature of the Chemical Bond . Ithaca, NY: Cornell -University Press, 19§0^ 

Pansini, Anthpny J. Easier Electrical Power Distribution . Vol. i arid f. Rochelle Park, NJ: ' 
Hayden Book Comgany, Inc., 1971. ^ 1 

Pascoe, x.J/. An Introduction to^the Properties Engineering Materials . New York- Interscience 
Publishers, Jnc,^1961. ' " : — 



, Peatman, Jdn"rTg7. "MTcrocomputer^"ase(TDesTgrr New York i : "ICTrawtajTI 3^^Cbmpanyr"R777~~" — ~~ 

Peebles, Peyton 2. Communication System Principles . Reading, MA: Addlson-Wesley Publishing 
Company, 1976. > ' 

< 

Pencter, H. and Oe,l Mar, W.A.' Electrical Engineers Handbook, Electric Power . New York: John 
Wiley an^Spns, Inc., 194!T . 

Perone, S.P. and Jones, 0.0. Digital Computers 1n Scientific Instrument ation. New York: McGraw- 
Hill Book Co./ 1973. 

Perry, Joseph E., Jr. "They Wallasey School." Passive Solar Heating an d Cooling Conference 
Proceedings . Springfield,, VAt *NTIS, 1976. : : — • 



155 



ERJC , . • < • • « . 151 



Peters, Oennls 6. A Brief Introduction to Modern Chemical Analysis , Philadelphia, PS: W.8. 

Saunders Company, 1976. k 
Peterson, Stephen R. Retrofitting Existing Housing for Energy Conservation: An Economic Analysis . 

Washing-ton, O.C.: U.S.. .Government Printing Office, 1974. _ _ 



Petrucci, Ralph H. General Chemistry . New York: MacMillan Publishers Co., Inc., 1977. 

Pfaffl'in, Jeams R. and Ziegler, Edward N. Enecylopedia of Environmental Science and Engineering- . 
Vol. i. New York: Gordon and Breach Science Publishers, 1976. 

Pickett, Nell Ann, and Laster, Ann A, Writing and Reading in Technical English . San Francisco: 
Canfield Press, 1970. 

Post, R.F. "Nuclear Fusion," Annua! Review of Energy.. Hollander, J.M., ed. Palo Alto, CA: 

^ Annuals Reviews, Inc., 1976. ■ " 

Potter ,*P. J. Power Plant Theory and Design . New York: John ililey & Sons, Inc., 1959. ^ 

Power Magazine. "In Plant Electrical Distribution - A Special Report," Power (James J. O'Connor, 

Editor). New J York: 1965. f 
The Pressure-Enthalpy Diagram* . New York: Special Chemical Oivision, Allied Chemical International 
R65QD Microcomputer Programming Manual . Rockwell .International , 1978. v 

Rao, Guthvikonda. Microprocessors and Microcomputer Systems . New York: Van Nostrand Reinhold 
Company, 1978. * 



Ready, J.F. Industrial Applications of Lasers . New York :^ Academic Press, Inc., 1978. 
Report of the- Solar Heating and Cooling Committee of 8RA8 . National Academy of Engineers. 
Washington, D.C.: National Science Foundation, 1974. 

Reynolds, William C- Energy - From Nature to -Man . New York: McGraw-Hill, 1^74. 

Richards, Henry E. Principles of Alternating Current Machinery . New York: McGraw-Hill 8ook Co., 

, Inc., 1953, r ' 

Rlchter, H.P.' and SchwanrW.C. Practical Electrical Wiring ." New York: McGraw-Hill 8ook Company, 
1978. * ^ 

Robertson, I. P.; Tinnell, R.W.; Watts, T.G.; and Yeager, O.A. Mechanisms: Linkages . Electro- 
mechanical Technology Series. Albany, NY: Delmar Publishers, 1972. 

Roden, Martin S. Analog and Digital Communication Systems , Englewood Cliffs, NJ; Prentice- 

•Hall, Inc., "1979. V [ ' * * 

"Rogers, \ruce A. The Mature of Metals . Ames, IA: Iowa State University Press, 3^64. 
Ross, Peter Bruton. Basic Technical Writing New York: Thomas Y. Crowell Company T^SIL^^ 
Rowan, W.<X Electrical Power Substations, Part 1 and Part 2 . Scranton, PA: f^text, Inc., 1973. 
Ruessell t Allen. Getting Started in Heating and Air Conditioning Service . Birmingham, MI: $usine 
News Publishing Xo., 1973. , **V- 

Safety in the Chemical Laboratory . Easton, PA: American Chemical Society, Division of 
Education, 1967. 

Sams, Howard W. This is Electronics - Circuits and Applications . Indianapolis, IN: Educati 
-* 'Services, Inc., 1970. 

Schweitzer, P.A. Handbook of Valves , New York: Industrial Prers, Inc., 1972. 

Sear-si F..W. and Zemanskv, M . W . University P hysics - Part 2. lrjLed> geadjng^_MA_: Addi son^ 

Wesley Publishing Co.^ InCT, 1964- * 

Shepard, Marion L.; Chaddock, Jack 8.; Cocks, Franklin H.; and Harman, Charles M. Introduction . 
to Energy ^Technology , Annr Arbor, MI: Ann Arbor Science, 19 7 5 • 

Shortley, G. and Williams, 0. Elements of Physics . 5th ed, Englewood* CI iffs, NJ: Prentice- 
Hall, Inc. 1971. - 

Simmons, Henry. "The Economics of America's Energy future." U.S. Energy Research and Development 
Administration. Washington, 0.C: Office of Public Affairs. 



Slppel . Charles. J. Data Communications Dictionary . New York: Van Nostrand Reinhold Company, 

■> 1976. < * 7 

. Microcomputer Handbook .. .New York: Petrocell i/ChartQr, ,1977. . . 



F Industries, Inc. ;~flctvert1.sing Department. 8earing Failufes and Their Causes . Form 310M 
10M-8-78 GP. New Yorlc: . SKF Industires, Inc., 1978. 

Skinner, Brian j. "Energy: The Saga of the Fossil Fuels." Earth Resources . Englewood Cliffs, 
M: Prentice-Hall, 1968. , ~ 

Skrotzki, 8.G. and Vopat, W.A. Power Station Engineering and Economy . New York: McGraw-Hill 
Book Co., 1960. ' * : 

Smith, Craig 8., ed. Efficient Electricity Use . New York: Pergamon Press, Inc., 1976\ 

Sra1th l966°" Jr -» and Cr1ston*,"S.J 4 . Organic Chemistry . New York: Reinhold Publishing Company, 

Smith, R. "Electrical Power Consumption for Municipal Wastewater Treatment." EPA-R2-73-281. 
'July 1973. 

Solar Energy for Earth . American Institute of Aeronautics and Astronautics, 1975. 

Soucek, 3ranko. Microprocessors and Microcomputers . New York: John Wiley & Sons, 1976. 

Sprink, U.K. Principles and Practice of Flow .Meter Engineering . Foxboro, MA: The Foxboro Co., 
■ , 1972. • *' 



Standard Handbook for Electrical Engineers . Archer E. Knowlton, ed. New -York: McGraw-Hill 
8ook C5., 1957. 

Staniar, William, ed. ' Prime Movers ,. r New York: McGraw-Hill Book Co., 1966. 

.Starfield, Martin J." and ShragerVflfthur M. Introductory Materials Science , New York: McGraw- 
Hill Book Company, 1972. " 

Steinhart, Carole E. and Steinhart, John S.> Energy: Sources, Use and Role in Human Affairs . 
NcVth Scituate, MA: Duxbury Press ^ 1974" " ! : 

Stewart, Harry L. Pneumatics and Hydrualics . Indianapolis, IN: Theodore Audel and Co. ,' 1976. 

. . and Storer, John M. FlufdJ>ower . Indianapolis, IN: toward W. Sams & Co., Inc., 1977. 

Stoll, Henry W. "Theory of Automatic Control in. Simple Language." Taylor Technical Data Sheet 
No. 10A105. Rochester, NY: Taylor Instrument Co., Oct. 1958. 

Stdner, C.H. Producing Your Own Power . Emmaus, PA: Rodale Press, Inc., 1974.. 

StrausjS, Howard J. Handbook for Chemical Technicians . "New York: McGraw-Hill Book Company, 
Inc., 19761 

Strock C, and Korali R.L. Handbook of Air Conditioning, Heating and Ventilating . New York: 
Industrial Press, Inc., 1965. ] ■ 



Tabon, D, Gases. Liguids* and Sol ids 

Taylor /Charles Fayetle 
Cambridge, MA 



8alt'imore, MO: v Penguin Press, 1969. 

The Internal -Combustion Enqine'in Theory and Practice . 
The MIT Press, 1966. ' 



Volumes I and 



Tennessee Valley Authority. "Sulfur Oxide Removal From Power-plant Stack Gas: Ammonia Scrubbing, 
Production of Ammonium Sulfate and Use as an Intermediate in Phosphate Fertilizer Manufacture. 
Final Report to Department of Healthy Education; and Welfare's National Air Pollution Control 
Administration, 1970. - . . 



-. — ^'Sulfur* Oxide Removal from Power -PUtrtr "Stack: "Gas": Use of Limestone in wet-Scrubbing 
Process." - Final Report to Department of Helath, Education,' and Welfare's National Air Pollu- 
tion Control Administration, 1969. , . 

Terry, M. and Witt, P. Energy and Order . San Francisco: Friends^ of the^Earth. 

Texas Energy Auditor Training 'Manual , 1980 . Austin, TX: Texas Energy and Natural Resources 
Advisory Council, 1980. " 7 ~~ 

Texa.s Instruments Learnirrg Cneter. Understanding Sol id-State Electronics , Dallas, TX: Texas 
Instruments, Inc. 1978. " 



157 



9 

ERLC 



153 



Thumann, Albert. Handbook for Energy Auditors . Atlanta: The Fairmount Press, 1979. 

. Handbook of : Energy .Audits . Atlanta: Fairmount Press, 1979. 

. Plant Engineers and Managers Guide to Energy Conservation . New York: Van Nostrand Reinhold 

Co., 1977. 

tinker, ^Robert F. Microcomputers . Cambridge, MA: Technical EducaSon Research Center, 1978. 

TPC'Tralning Systems. Condensers and Cooling Towers . Barrington, IL: Technical Publ isMng Co. , 
1978. : > 



m . Electrical Protective Devices . Barrington, IL: technical Publ ishin$HC<p. , 1972. 
Three-Phase Systems . Barrington, IL; Technical -Publishing Co.* 1974. 



Toboldt, William K. DieseV: Fundamentals, Service, Repair . South Holland, IL: the Goodheart- 
Will cox Company, Inc., 1977. 

Toffler, /flvin. ' The Third Wave . New York: William Morrow and Co., Inc., 1980. 

Total Energy Management for Hospitals . Hyattsvllle, MO: Department of Heal th, *Education\nd 
'Welfare, Publication No. 78-613, 1978. 

Tottle, C.R. The Science of Engineering Materials . New York: Chemical Publishing Co., Inc/. ] 
1966. ' ' I 

The Trane Co. Boilers for Steam and Hot Water , La Crosse, Wl: The Trane Company Educational 
Division, 1971. 

U.S. Department of Energy. Quarterly Energy Indicators . January 15* 1979. 

_ , — ■ ■ — ■ 

. Solar Heating and Cool nag Workshop Manual . f 



U.S. Energy Research and Development Administration. Energy From Coal . ERDA 76-67. Washington, 
D.C.: U.S. Government Printing Office, 1976. 

y 

Van Vlack, L.H. Elements of Material Science . Reading, MA: Addi son-Wesley, Publ ishtng Co., Inc.,- 
1959, - — 

Vogt, Lawrence J. and Conner, David A. Electrical Energy Management . Lexington 8ooks. Lexingfon, 
' MA: D.C. Heath and Co., 1977. 

Waite, Mtchel, et al . Microcomputer Primer . Sams, 1976. 

Walker, G. Stirling-Cycle Machines . Oxford: Clarendon Press, 1973.. 

Walt2, R.JW*. , Maj.^ed. Automotive Engineering . Volume I. West Point, NY:, U.S. Military Academy, 
August, 1978. 

The Way Things Work . Volume £. New York: Simon and Schuster, 1967. 

The Way Things Work J Volume 'II. New York: Simon and Schuster, 1971. 

The Way Things Work: . Volume III. New York: .Simon. and Schuster , 1971. 

Wertheim, £. Organic Chemistry . New York: McGraw-Hill Book Co., 1951. 

Weston, J. Fred and Brigham, Eugene F. Essentials of Managerial Finance . 4th ed. Hinsdale, 
IL: The Dryden Press, 1977, ; , 

Wilbur* D.E. "The Potential for Energy Conservation in Buildings. * AOL Impact Services Document 
L770902. Sep tender 26, 1977. . 

Wilkes, Gordon fl. Heat Insulation . New York: John Wiley & Sons, Inc., 1950. 

Williams, Jr., R. Solar Energy: Technology and Applications . Ann Arbor, MI: Ann Arbor Science 
Publishers, 197?: ] " "~ 

Wise, Kensall 0. et al. Microcomputers - A Technology Forecast and Assessment to the Year 2000 / 
New York: John Wiley & Sons, Inc. % 1980. : ' T 

Woodruff, John, fasic Instrumentation . 2nd ed. Austin, TX: University of Texas Press, 1964-. 



158 



Zabro, R. Microprocessors . Berkeley, CA: Sybex, Inc., 1977. 
Zaks, Rodnay. Programming the 6502 . Berkeley, CA: Sybex, 1979. 

Zlegler, J.6. and Nichols, N.B, Industrial Process Control . Taylor Technical Oata Sheet No. 
IQA108* Rocheste^NY: Taylor Instrumant Co., Issue 1. 

• Optimum Settings for Automatic Controllers . Taylor Technical Oata Sheet No. 10A100. 

Rochester, NY: Taylor Instrument Co., Issue* 1. 

Zimmerman, Henry and Zimmerman, Isaak. Elementsof Organic Chemistry . Endno, CA,: Glencoe 



Press, 1977 



PERIOOJCAtS 



Alternate Sources of Energy Magazine 
Route 2, Box 90-A ; 
Milaca, MN 56353 

The Builder Magazine ■ 
National Asspciation 'of Home Sunders 
15th & M Streets, NW 
Washing ton^ .OC. 100 05 ' 



Changing Times Magazine 
The Kiplingar Magaittie 
Editors ParkT MO 10*7821" ' ; 

00E News 

U.S. Oept. of Energy 
Room A-^1135 
175 W. Jackson Blvd. 
Chicago, II 60604 

Earttr Stfelter Oigest and Energy Report 

1701 E. Cope . 

St. Paul , MN 55109 



Energy * 

Business Communications Co, 
P. 0. Box 2070 C 
Stamford, CT 06906 



Inc. 



Energy and Power Journal 
National Education Council' on Energy & Power 
P. 0, 8ox 618 
* Concord, MA 01742 

. Energy Conservation Oigest ,. * 
Dulles International Airport 
P.O. Box 17346 
Washington, OC 20041 

fpergy Conservation/Education Information Bulletin 

-7 — tA-kvc-^t^ing-house-f^r^Sc-ienc^^-Ma themat^* and 

Environmental Education / 
The Ohio State University 
1200iChambers Road, 3rd Floof * 
Columtius, OH 43213 

The Energy Consumer 
Department of Energy 
Off fee of Consumer Affairs 
Washington, OC 10585 



Energy Currents 

AC^JC (Energy Communications Center) 
Qne OuPont Circle HW 

Washington, OC 20036 * 

Energy Insider 

U.S. Department *V>f Energy 

Room 8F-Q89 

Merii Stop 1E-21S « 

Washington, OC 20585 ^ / 

. Energy Management 
Industrial Publishing Co. * * 

Division of P.ittway Corp. - • 

Cleveland, OH • ' . 

' Energy Report *V: 
University of LaVerne 

National* Energy^Research and' Information .Institute \ f 
1950 Third Street "i 
UVerne, CA 91750 



Energy User News 

P. 0, Box .402 ■ ' 

Martinsville, NJ 08836 

Energy Users Report* 

The 8ureau of National Affairs, Inc. 

1231 25th S. NW 

Washington, OC 20037 ># 

«, i 

Farm Energy Magazine' 
k00 W. Towers 
1200/35th St. 
W. Oes Moines, IA 50165 

Home Energy 01<fest/Woodburning Quarterly 
8009 34th Ave. South 
Minneapolis.'MN 55420 



Homeownars How^Ft) Magazine 
P. 0. Box 2841 
Boulder, CO 80321 

Industrial Heating . 

National Industrial Publishing Co. 

1610 Potomac Ave. 

Pittsburgh, PA 15216 
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In Review, SERI 

Solar Energy Research Institute 
1617 ColeBl vd. 
Golden, CO 80401 

New Shelter Magazine 
vRodale Press 
33 E. Minor St.. 
Enwaus, PA '18049 

Popular Mechanics 
P.*0. Box 10064 . 
Oes Mojnes, IA 50350 

Popular Science 
Boulder, CO 80303 

Power ^ 

1221 Avenue of the America's ° 
New York, NY 10020 

Solar Age Magazine 
P. 0. Box 2927 
C1,inton, IA 52735 



Windows for.Energy Efficient, Buildings 

c/o Steve Selkowitz 

Energy efficient Windows -Program 

90-3111 

Lawrence/ Berkeley Laboratories 
1 Cyclotran 0 Rd. * 
Berkeley, CA , 
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APPENDIX G 

PRELIMINARY LABORATORY EQUIPMENT LIST FOR ECUT CURRICULUM 

Tlis 11st i$ a co/pi1at1dR of required equipment, supplies and tools by course. Before designing 
and ordyrin^jnaterials for a coufnse, the instructor should read the laboratory procedures and order 
equipment compatible with that" already in existance at the institution/. * 



Equipment 

Balance J 
Beakers, assorted sizes 
8uret holder 

Buret, 50 ml * 
Clay triangles " , ^ 
Crucible holders 
^ Crucible tongs 
Crucibles, assorted sizes 
Oesiccator 

Electrical conductance apparatus 
Explosion shield 

Eyewash fountain 

Face shield 

Fire extinguisher 

Flasks, Erlenmeyer, assorted sizes v 
Fume hood 

• Gas cylinder 
Gas regulator 

Graduated cylinders, assorted sizes 
Hot plate ' 

Iron rings (2), small - 
Meker or Bunsen burner 
Oven 

Pipette, 10 ml, graduated 
Pneumatic trough 
Ring stands 

Rubber policeman * 

Safety glasses 

Safety shower • 

Test tube rack 

Test tubes, assbrted sizes 

Thermometer 

Tongs 

Vacuum filter flask 

* Vacuum pump '* 
Wash bottle 

Waste disposal 

Suppl ies 

f Acetone 
Aluminum foil 
AlumlnwKfietal 
Asbestos wire gauze 



CHEMISTRY FOR E?t$(JGY TECHNOLOGY 



Supplies continued 

Barium chloride 
Benzene 

Carbon tetrachloride 
Clamp 

Copper metal , . 

Copper sulfate 

Cyclohexane * 

01-chloroethane, 

Ethyl acetate * - , 

Glass tubing, 5-cm length 

Hydrochloric acid^ 

Trnn ' 



Kerosene or gasoline 
Lead- metal 
Magnesium 

Magnesium sulfate, MgSOW H 2 0 
Methyl alcohol 
Nftric acid 

Phenplphthalein Indicator >/ 

Potassium bromide 

Potassium chlorate 

Potassium Chloride 

Potassium nitrate 

Rubber stoppers, *4, one-holed 

Silver nitrate"; ^ 

Sodium bicarbonate 

Sodium chloride 

Sodium hydroxide 

Sodium phosphate ~~ 

Stirring rod 

Sugar 

Sulfuric acid # 
Tin 

Vacuum tubing V 
Vinegar, wh1 testable (approximately 55) 
-Welching paper 
Wire gauze _ 
Zinc 



v 
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Equipment 



CHEMISTRV FOR ENERGY TECHNOLOGY II 

Supplies continued 



Balance * 

Beakers, Assorted sizes 

Burner 

Calorimeter 

Condenser ' 

Cylinders, graduated, assorted sizes 
Flasks, distilling, assorted sizes 
Flasks, Erlenmeyer, assorted sizes 
Fractionating column 
Funnels, assorted sizes 
Geiger counter 
Heating mantle '-e 
Hot plate 

Petri disk - % . 

pipette 
_P1pette f holder 

Radium Jn a 1 w^tch 

Refraowmeter 

Ring/stand 

Separator funnel 

plermometer 

/ials 

[Watoi glass 
^er-eemtenser — 



Hexamethylene diamine (5% in water) 
Hydrochloric acid 
Iron shot 

Iron (II)/lulfate, 0.1 M 
Lead foil 

Lead nitrate, 5% solution- 
Lead shpt 

Lime water * 
Litmus paper 

Lurfte or Plexiglas pellets or chips 

Magnesium gibbon 

Magnesium sulfate 

Medicine dropper ^ 

Mercurous nitrate, S% solution 

Mercury nitrate' 

Mortar 

Nails 

Nitric acid 
Oil bath 
dH paper 

Phenol phyhalein inaicator 1* a 
. Phthalic anhydride, powder 
Potassium chloride 



.4 



/ 



Po tassium c h rofa at g- 



Suggj ies 
Ag/r 

Aluminum foil ' 
luminum sol fate solution 
.jnmonium hydroxide 4 
Aniline hydrochloride, saturated aqueous solution 
§enzoyl peroxide • ^ 
BoTTwer sr - % 

8oric oxrtte 

Bromie watar 9 t 

-Calcium sulfate 
Carbon tetrachloride 
C f astor o) 
C3 amp/ 
Coal/Wt 

Cooper .nitrate, 5S solution 
Clipper Strips, 2- x } inch 
uopper vri re - • 

iimethyldichlorosilane 
(Dropper 
j€ther 

/Formaldehyde solution 40 % (formalin) 
•i-Methyl -M-Pheylene Oiispcyanate (tolylene-2,4- 

diisocyanate) 
Gamma source 
Glass rod 

Glass tubing } ^ ' 
Glycerol 



0.1 M 



Potassium hexacyahoferrate', KjFe(CN)r$, 
Potass-ium hydroxide 
Potassium iodide , f 

Potassium nitrate ' 
Potassium thiocyanate 
Radipactivexrfe . r 
Radioactive potassium i odide a 
Rubber^ubing , J 
Sebacoyl chloride (55^ in carbon tetrachloride) 
Silicone of 



5* in ca 

x 



Stiver nitrak 
-Soap solution 
Sodium bicarbonate 
. Sodium carboqate s 
Sodium chloride 
Sodium dichromate * 
Sodium hydroxide * 
Sodium phosphate 
Sodium sulfate 
Stannous octoate 
Stirring rod 

Test" tube rack * 

Test tubes (10) 

Wood splinters qr excelsior 

Zinc nitrate,^* solution 

Zinc, strips, 1- x \. inch or mossy zinc 
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Equipment - 

Footcandle meter 

Ml 1 1 iammeter, a.c, 0-100 mA 

VOM ' 



ELECTRICAL POWER AND ILLUMINATION SYSTEMS 
* § 

Suppl ies continued 



_ Suppl ies 



Boxes, for mounting one switch or duplex outlet 
Cables, assorted 

Capacitors, ranging from 1.0 uf to 5.5 uf, 120 V a.c. 
x Clamps, cable for boxes*. 



Inductor, 2-H (Henry), 120 mA (mil 1 iampere) , 
maximum current 
" Nuts , wire 
Resistors, assorted 
Switches ,~ three-way 

. Tool s , v 

Wire cutters and strippers 

.Yardstick or tape measure calibrated in feet 



ELECTROMECHANICAL DEVICES AND SYSfEMS 



Equipment 



Alternators, automobile 
Ammeters, various a.c. and d.c. * 
Autotransformer, 0.20 KVA variable, input 120 V a.c, 
outout 133 V a.c, 1.5 A with male quick- 
4tsconnect terminals, mounted on open stand 



Equipment continued^ 

Wattmeter, a.c* 115 a.c 1 A; Simpson Model 79 
Wattmeter, 0-1500 W 

* mm ' ' 

Suppl ies * 



-"BTgnaer witn universal motor, 115 V a.c 
Fan (small) with shaded-pole motor, 115 V a.c, 

0.9 A maximum 
Generator, 12-volt compound d.c 
Lamp§, 6-V with red ^and green lenses x » 

Mechanical couplings and mounts for connecting 

electric motor to generator and alternator 
Mill 1anmeterv L <kc. , 0-250 mA 
Motors, various a.c. and d.c 
Outlet;- 110 V a.c witfi connectors compatible 

with relay 
Power supplies, various d.c. 
Prony brake i, * 
Scale, spring, 0-20 lb 
Solash shield 1, for mtftor 
Stroboscope " 

Synchro-differential transmitter type 23C0X6 

or equivalent with mount 
Synchro-receiver type^SOIBfi-or equivalent witrj 

mount r , 

Synchro-transmitter "type 23TX6 or equivalent with 

mount 
Tachometer 

Transformer ^ power, primary 115/230 V a.c, sec- 
ondary 12/24 V a.c, secondary current 4/2 A, 
with male quick-disconnect terminals, mounted 
on board 

Transformer, variable 0-13*0 V'a.c 
J/oljtaeters,-capable-o£-testing-aTC , d ;C. v o l t ag e , 
ohms in wide ranges ( 



Battery, 6 volt * 
Capicitor, starting, for motor (i x)r 1/3 hp, 
• T 115 V a.c.) 
. DisK* dials, 360° to fit synchro motir shafts 
Filings, iron 

Lighfcdimmer, SCR, 100 W, 115 V a.c, with power- 
cord and receptacle 
Magnets, > bar 

Power cord, a.c with femal^ quick-disconnect 
terminals and connecting wires wit]) female 
quick-disconnect terminals 

Power cord, 115 V a.c. 'with connectors compatible 
with relay 

Relay, 6-V d.c. with 0P0T switch and removable 

dust cover / 
Resistors, assorted 
Rheostat, 500 a, 100 W 
Rod, hard, steel , i" x 4" 
Solenofd^ with core, 12 V a.c. 
Switches, assorted, v 
Washers, iron \ 
Water cooling for prony bVatfe 
Wires, connecting 
Wires, heavy-duty connecting 
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ELECTRONIC DEVICES AND SYSTEMS 



Equipment 



Amplifier, operational, 741 C n 

Binary counter, 74193 synchronous 

Digital trainer with data and logic switches 

and LEP Indicators (suggest the Heathklt 

ETW-3200. digital trainer) 
Ohmmeter, d.c.*-a.c. with leads* 
Oscilloscopes, triggered 5 mHz dual tracjg or 

2 oscilloscopes, -triggered 5 mHz single trace 
Oscilloscope, triggered 10 mHz (dual trace if 

possible) 

Power supplies, various specialized < 
-Signal generator, 0-20,000 Hz (audio) 
Sine wave generator (1000 kHz) 
Vacuum tube voltmeter, a.c, volt range 1-20 V a.c. 
Vacuum tube voltmeter, d.c, volt range 0-1000 V d.c. 
Voltmeter, d.c. with leads 



Supplies 
Breadboard 

Capacitors, assorted 
Filament transformer, 
Hookup jrflre 
ICVy4O0 TTL NAND ga 
J-KTHiTftops (2) 74, 
LED, Red - 
Potentiometer^, assorted 
Resistors, assorted 
Vacuum tube 12 AX 7 




a.c. 



ENERGY CONSERVATION 



EQuioment 



Analyzer, portable, for flue gas temperature and 

gas composition 
Anemometer 



Hygrometer 

Strip chart recorder 



XT 



Equipment continued 



Thermometer, surface temperature (model HH-2 

digital thermocouple meter from Omega Engineer- 
i ng, Inc., or a sim ilar thermometer) 

Suppl ies 

** 

insulation, pipe (Should be at least one Inch 
thick) 



FLUID POWER SYSTEMS 



Equipment o 

Accifinulator, spring-loaded or gas-lOaded 
Actuators 

ATr compressor . . 
Air motor ' r 

Air pressure gage % 
•Compressed air flowmeter 
Cylinder loading device 

Hydrualic circuit tester or appropriate flowmeter, 
pressure gage', thermometer, and loading valve 
Hydraulic cylinder 4 ', double-acting 
Hydraulic cylinder, spring-acting with spring return 
Hydraulic cylinders, various types 
Hydraulic flowmeter 
Hydraulic fluid flowmeter ~ 

Hydraulic power unit With pump, reservoir, filter, 

adjustable pressure relief valve, pressure gage 
Hydraulic pressure gage 



"Hydraulic reservoir 
Loading devices for tylinddrs 
Loading devices for motors \ , 
Mechanical load for hydraulic system 
Motor, reversible fluid 
Muffler 

Pneumatic cylinders, various types 
Pneumatic flowmeter 



Equipment continued 

Pneumatic power unit with compressor, intake filter, 
'filter-regulator-lubricator unit' with pres- 
sure gage 
Pressure gages 
Pressure Intensifier 

Stop watch * 1 

Sump restrainer 
Tachometer or s.trobe 

Valves, air pilot, check, flow, control, hydraulic 
check, hydraulid direct ipft al ~ i ontro1 , hydraulic 
pressure relief, needle, pneumatic directional 
control , sequence, unloading 

Wattmeter, electrical 

Supgl ies 

Filters, h1gh-pressu 
-Pneumatic connecting 
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- HEATING, VENTILATING AND 



■ Equipment \ 

Butane torch, hand-held 
Gas-fired furnace 
Gage manifold 
' General controls adapter No^ 103050G 
Manometer, water-filled U-tube With valve 
Oxyacetylene; torch 

Refrige/atiOp system with R-12 refrigerant 
Thermometer^ electronic; contact with 3 senSqrs 
Thermomete^Snercury 
• Thermometer, 0-300°F • 
Voltmeter/ d.c. > 



AIR CONDITIONING 

Supplies \ -> • 

Connectors, tubing 
Flame ignitor 
Gas supply 

Solder and flux, assorted 
Tubing, assorted' copper 



Tool s 



1 



Hand»tools, cassorted 
Safety /goggles 
Tubing/ cutter - 

Vise'/ 



INSTRUMENTATION AND 



Equipment 



Air supply (100 lb) 
Ammeter, 0-50 mA 

Control valves, diaohraqm-opera ted by 3 to 25 psig * 

Valves can be single-seated, air-to-open, 
or air-to-close, with a 1-inch body and J- inch 
* trim 

Differential pressure transducer, using a variable 
capacitor as the input transducer (a Rosemont 
brand) 

Differential pressure transmitter, using a LVDT as 
the input tranducer (a Foxboro brand) 

Force balance pneumatic controller, moment balance 
version, such as Foxboro Model S-8 with field 
mounted connection block; a Taylor Transcope 
series, or a Fischer and Porter Model- 45 

Force" balance pneumatic transducer moment balance * 
version such as Foxboro Model 13A d/P cell or 
a Taylor Model d/P eel 1 

Gages, assorted pressure 

Manometer^ mercury bell, 30-in laboratory quality 
with/a psig scale and an inches-of -water scale 

Manometer or test gage capable of reading 2Q.0 inches 
of water - 25 

Oscilloscope, time-base, capable of frequency -and 
voltage measurement in the audio frequency » 
range and having a sensitivity of 1 mK/cm 

Ohmmeter witn one ohm resolution onf the R x '10 ohm 
• scale 7 

Potent4ometer, 3-5000 ohm wire wound with IS 
tolerance. 

Power supply, 6-100 V variable- cf.c. 

Power supply, 10 V d.c. 

Pump - an electrically-operated pump, that will 
deliver 10 to*20 gpm flow against a 20 psig 



CONTROLS ' 
Equipment continued 

Strip chart recording controllers, with fast (1 inGh/ 
/ minute) and sfow (1 inch/hour) chart -speeds. 
— .L..CpJitroller shoul4~be -prreumatic with convex* 
/ y>nal 3 to 15 psig input and output 
Tanks, 10-gallon to use as the reservoir and process. 

The reservoir should be flat, about 10 to 12 
,' inches high. The cylinder used should be about 
8 feet high and 10 to 12 inches in diameter 
/Test gage, 0-30 ps*ig 

/Thermometer, glass, capable of temperature measure- 
ment in' the 0-400°F temperature range with * / 
2" resolution 

Transmitter' level that has an adjustable range / 
•approximately 0-20 to 0-200 inches of wateV atid 
'pneumatic 3 to. 15 psig input' andUoutput 

Valves 

Voltmeter with 0.02 mV resolution on a scale that 
will measure -50 mV full scale 

Suppl ies ~ 

Clip leads, 3Q*i nch * . 

Hoses', assorted *> 
Pipes., assorted 
Pipe fittings 

Resistors, sodium with 1% tolerance with a power 

rating of 1 watt # 
Thermocouple lead wire, 4 
Tubing fittings 
Tubing, polyetheylene, 10 
Wiring, assorted 



ft, J type 
ft of i inch 



tead- pr e ssu re*- 

Oriffce meter run, 2-inch pipe with orifice 

flange 'and flange tap locations 
Orifice plates, concentric type in the following 
v sizes; 0.500 inches, 0.750 inches, 1.Q00 
inches 

Regulators, assorted fixed and variable 
RTQ with a temperature-resistance calibration 
curve 
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MECHANICAL DEUCES AND SYSTEMS 



Equipment 



Axial duct .fan (motor drive) In circular duct 10-12" 
in length 

Belt drive, consisting of a motor, sheaves 

(preferably with at least two grooves) & belts 
OrivA train assembly of auto/ truck or tractor 

including rear axle, differential, and drive 

sHaft, and clutch) 
Gear box\^roro auto, truck -or tractor 
Gears, herringbone, rack and pinion, spiral bevel, 

spur and worm, spur, worm, helical 
Gears, miscellaneous, showing -excessive wear, topth 

breakage, rubbing, etc. 
Lab scale or postage scale , 
Level — - 

Manometers, water, 3/16" bore \ 

Motor, 110 V a.c. 

Spring scales, 0 to 48 oz 

Static pressure tube 

Thermometer, 0-212°F 

Toilet flush mechanism 

Valy_es_, J)alU.butterfly,_gate_^.glQhfi.^_knjfe .gate, - 

needle, pinch, poppet, swing, taper plug 
Wattmeter, in r line type for 100 V 
Wgbden scales, calibrated in 1/32". 



Supplies s ♦ 

Couplings, assorted from following group: flange, 
split-type cuff, compression, jaw, floating, 
toothed, flexible, tir%, chain, universal joint 
double Hooke-jofht, ball joint 

Impact tube 

Rollers, Vound plastic i" dia x 8" length 
Sprockets aKiTxhain ^ * 

Valve packing materials - spiral and die-molded 
ring 



Tools 

Cal ipers 
Hand tools, assorted 
Vernier gages 



, i<nc 



luding packing pullers 



Equipment s 

ASKII keyboard or supply board kit 
Cassette tape recorder 
Logic analyzer 
Microcomputer, KIM-1 
Oscilloscope 

Power supply, assorted specialized 

§paker, 8-ohm speaker 

VOM 



MICROCOMPUTER HAROWARE 

Sa pft) i es 




^ors, assorted • 
tic cable. " • - 

edcircuits, assortea. 

... '{900 J5in) 

Resistors, assorted 
Transistors, assorted 



MICROCOMPUTER OPERATIONS 



Equipment 



Sreadboarding system (TERC KIM-100) 
Cassette t&pe recorder (Sanyo ST-45) 
Cassette tape with cooling curve program 
Floppy disk, 8i M , containing SOLAR, MANUAL and, 
AUTO 

Microcomouter (Commodore^fKT) 
Microcomputer, disk-based \i th CP/M, BASIC/5, 

and BASIC-E 
Osc- \ Mosc-ppe-with-externarJ— jxfgg^ring- 
Potentiometers, assolrted 
Power supplies, various specialized 
Speaker, 3 ohm, 2"^diameter 



Suppl ies 

Capacitor!, ass6rted 

Connections to KIM output ports, 
recorder 

Diodes, i assorted 

Floppy "disk, 8i" blank 

Integrated circuits, assorted 
f Resistors!, -assorted 
'Resistors, assorted variabffe 
-Switch, 16-pin DIP — : ; 

Transistor/, NPN, (2N3392 or equivalent) 



power .afl^tape 
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UNIFIEO TECHNICAL CONCEPTS I, II, AND II 



f 



\ 



Equipment 

Accel erometer > 

Air conditioning unit 
•Alternator 

Ammeter, d.c, a.c. 
* Anemometer or pi tot tube 

Autotransformer, variable 
^Balance, triple beam, scale 
*Beakers, assorted sizes 

Boyle's law apparatus, Wh as Sargeant Welch #1080 
-Bridge, wheatstone 

Burisen burner * Oxy- 
calorimeter 

Cartridge, phonograph 

Cell , 'photovoltaic silicon 

Circuit breaker c * * 

Coil, automobile ignition 
Coil, choke, ^00 uH 
Coil , 205 uH 
Cooler, thermoelectric 
Cylinder, nitrogen 
Oetector, photovoltaic • .' 

Oewar flask of liquid nitrogen* / 
Differential gage 4 pitot tube / 

Fan, electric / 
Flask, Erlenmeyer, assorted sizes/ ■* 
Flowmeter / 
Force table and accessories 
■Gage, commercial bonded strain 
Gage, Mcleod 

Gage," thermocouple vacuum 
Generator, small wind-powered Electrical 
Heating element, electrical 
Heating tape 
rfbt plate 

Hydrometer, automobile radi at/or 
Hydrometer, laboratory / ^ 
Induction coil of Wimshurst;type Electrostatic 
A machine - / H* 
laser, helium-netfn / / 
lathe with Norton gear "bo* 
Magnets, assorted bar art6/U * s 

Manometer, vacuum and pressure (mercury tutte 

U-shaped) /■ 
Metal base, nonmagnetic/ 
Meter, kilowatt Hour / 
Meter, optical oower / 
Meter, sound level * 
Microphone 
Milliammeteri d.c. ' 
Mirror, concave, '16- inch diameter 
Mirror t plane front surface- 



Equipment continued 



fixed and variable 



a.c. 




Motor-generator, demonstration * 

Motors, 110-V shunt or permanent magnet d.c. 
, variable speed* electric a.c. or d.c. 

Movement. 50 uA d.c. meter 

Operational amplifier 

Optical' bench 
: Oscilloscope 
'.Oscilloscope camera ■ 

.Photocell .silicon V 



Photometer 

Pin and cork motoc Kit 

Power meter, laser 

Power supplies, d«.c. . 

Power supply, for spectrum tubes 

Pressure source, 30 qounds 

Propane torch, mounted 

Prony brake 4 * 

Psychrometer, si ing ; 
, Pump, bicycle 

Pump, CenthfcigUl vertical 
«£ump, mechanical vacuum 

Pump, oil diffusion. % 

Pyrometer * - — 

Radiator, automobile or cooling coils from arrair - 
conditioner . 

Recorder, strip chart % > 

Regulators, two-s.tage, variable pressure J 

Reel, baitcasting -fishing *b 

Ring stand and ring / * 

Rod, fishing 

Scales, bathrqom^^spring, metric for manometer, arms, 

pjatform^ [ % . „ .1 

Signal* generator*; *audio frequency, a'c. 
^-Sockets, miniaj#re screw with leads 
Speaker '! . 

Spectrometer/ prism . , - « 

Spectroscope, grating &> . 

Stand, woodenM2 x 30 Inches •* 
Steam engine ^"it • x 
■ "Stirrer • * - 

; Stopwatch ?/ 

Stroboscopes tachometer > 
Supports, thermometer w 
Switches, Jhrow, knife* toggle 
} Telescope kit, refractor 
Test tube holder 

Thermometers, cent1grade>*ai}d Fahrenheit, oven 
Thermocouple or cal ibrated\hermistor (thin-film) 
Thistle tube ' L v ^ ^ t • _ 

» Timers, laboratory, 555 (integrated circuit)' 

Tongs, Insulated jaws ^ 
Transformers, various * 
i t Tube, resonance ' 
* Tuning forks, 128 Hz*, 256 Hz, 512 Hz 

Turbine, water with pressure gage and prony brake 
r-with scales and revolution counter' 
/ Turntable, phonograph. , > " c J 

Vacuum pump, hand-operated pressures to 7 inches and 

1 ?5 inches vacuum 
Vacuum system 

Venturt -tube,— gtoss r — - ' — — — — — - 

• Vol-tmeter, rjns , „ 

Voltmeter, vacuum tube * 
VOM 

Watef pump,- d.c- > * , 

Wattmeter, a.c. 
wight hanger 
Weights, English 

Weights, metric * * 

Wheel , bicycle' 
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,1 unified Technicar Concepts , continued. 
Supplies 

Battery, auto'12-volt lead-acid ^ 
battery U v volt 

'Bearings, assorted >. . 

Bulbs,' assorted light 
Candle* « A - 

% Capacitors*, assorted 
Clamp, pinch or hose 
Clip leads 



• » 
Su pplies, continued 



t 



Clips, battery 
Concrete ^lab 

Cord,- power ^ 
Containers, water » ' 
rnrrf a* c oower with cups * 
diodes! assorted, genrcnium, silicon, zener 

AElearides, assorted. copper or aluminum 
Epoxy - . 

RRlS SSll ^nslty, Infrared • 
Glass plates and panes- 
Glazing material 
Hoses, connecting 
Iron filings 

Lamp and socket, 12-vo\t. 
Lamps, incandescent, hear 
Leads, test 

Line, ''nylon fishing 0 
Lubricants, ^various 
Mercury 
Meter stick 

Methanol P \ 

Paint, flat black spray 
Plates, aluminum or steel- 
Plug, spark 

Potentiometer*, assorted 
• Pul 1 ey 

^Rectifier, bridge 



Relays, assorted 

Resistors, assorted 

Rods, glass . 

Rods, carbon 

Sheave or pulley 

Solder, various types 

Stopcock grease - 

Strips, copper, brass, zinc 

Suction cups, rubber 

Tablets, dry fuel 

SS^SSJSTSl-. neon, carbon dioxide, 

• Tublnrrranspar'ent vfnyl plastic, rubber glass 
wall, copper 
Twine, Jieavy manila 

K^'nicK! connects, insulated, 

nickel , bell - «n 
Kl.The^couple (type 0 or copper-constantan) 
Wires, flexible braid 

# 

Tools . h * 

Calipers, micrometer 
Caliper, vernier 
Crowbar 

MicrQmeter, metric 
Snips, metal 
Soldering iron 
Steel tape, metric 
Visa 
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